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Abstract
Guyed Latticed Communication Towers are highly complex structures which are 
very difficult to model and analyze. Because of their geometric non-linearity, P-D 
effects are significant. To evaluate this, a sample guyed tower with one set of 
guys was modeled and linear and non-linear analyses were carried out to show 
the effect of P-D. Because of P-D effect, the moments are magnified by 1.29. 
The results show clearly that P-D effect cannot be ignored.
Three representative guyed towers of 76.8 m (252 ft), 212 m (697 ft) and 583 m 
(1914 ft) height with four, five and nine guy levels respectively were included in 
the investigation. The difficulties encountered in analyzing these three towers 
under realistic loadings are discussed. The sequence of application of loads 
required for the successful analysis of these towers was determined.
vi
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Nomenclature
dg Gross area o f member
Cc Euler buckling load = n2Elj{KL)2
Cf Factored Axial Load
Cr Factored Axial Compressive Resistance o f the member
D Outer diameter o f tubular member
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Mnt Required flexure strength in member assuming there is no lateral translation o f the frame
M0 First-order moment
Mr Factored moment o f resistance o f the member
Mu Nominal flexural Moment or
Resultant flexural moment due to factored loads
P Axial force
Pa Euler Buckling Load
Pal Euler Buckling Load
Pa2 Euler Buckling Load
Pn Nominal tensile / compressive strength
Pu Required tensile / compressive strength or 
Axial force due to factored loads
r Governing radius o f gyration about the axis o f buckling
S Elastic section modulus
t Wall thickness o f tubular member
X Subscript relating symbol to strong axis o f bending
y Subscript relating symbol to weak axis o f bending
z Plastic section modulus
A0„ lateral inter-story deflection
I " sum o f all story horizontal forces producing Ao/l
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Y,pu required axial strength o f all columns in a story
<f>b resistance factor for flexure = 0.90
$. Resistance factor for compression = 0.85
<f>f  Resistance factor for flexure = 0.90
k  Mfx/M f2
cox 0 .6-0.4/r > 0.4 for members not subjected to transverse load between supports
1.0 for members subjected to distributed loads or series of point loads between
supports
0.85 for members subjected to concentrated load or moment between supports
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The telecommunications industry plays a vital role in our lives that includes 
television, radio, phones, car phones etc. As these applications increase and 
diversify, the demand for taller and more reliable towers and antenna-supporting 
structures also increases.
Antenna towers are of two types: self-supporting towers and guyed towers. Self- 
supporting towers are normally used for low or medium heights up to 100 metres. 
These towers usually have a square or triangular cross section with a large cross 
section at the bottom that gradually becomes smaller towards the top. An example is 
shown in Fig. 1.1
The guyed towers consist of a mast which is usually of a constant triangular cross 
section (some square cross section masts are also built in Canada but they are 
more popular in Europe) and one or more levels of guy cables that provide lateral 
support to the mast and are anchored at the ground level. For triangular mast legs, 
solid steel rounds or pipes are used but for legs of a square mast and for the 
horizontal and the diagonal members, structural steel angles are used. Examples of 
guyed towers are shown in Fig. 1.2
1
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The two most common types of guy wires used are guy strand and bridge strand as 
shown in Fig. 1.3
1.2 Beam-Column
The leg members of both types of towers are subjected to combination of axial 
compressive force as well as bending moment. Hence they are treated as beam- 
columns.
Depending upon the exact manner in which a beam-column is loaded and 
supported, its response may be categorized in a number of different ways. The most 
common ways are: (1) without sway and (2) with sway.
In the first case, the members are not laterally supported at their ends and 
translation of one end relative to other is allowed to cause sway according to the 
restraints. However, in the latter case, proper bracings are provided to prevent 
translation of one end with respect to other.
Referring to Fig. 1.4, for non-sway beam-columns, the behavior can be classified in 
three different ways as follows:
1. Thrust is applied with an eccentricity about the minor axis and member will 
collapse by excessive deformation in this plane. If thrust is applied about the 
major axis, proper lateral supports are provided to avoid deflection of column out 
of the plane.
2
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This is column buckling and simple uniaxial beam bending.
2. Thrust is applied with an eccentricity about the major axis and member will 
collapse by deflecting about the minor axis and twisting.
This is combination of column buckling and beam buckling.
3. Thrust is applied with an eccentricity about both the axes and member will 
collapse by combined effect of bending and twisting.
This is combined effect of column buckling and biaxial bending.
The most general structures observed in reality fall under the Case 3 above. 
Referring to Fig. 1.5, for sway beam-columns, the vertical forces on structure acting 
through sway displacements produce additional moments and displacements which 
are called sway effect or P-a effect. (Galambos, Ed., 1998)
As illustrated in Fig. 1.5, the moments at joints B and C of the portal frame are 
obtained as fob from a first-order analysis of undeformed frame. Because of the
sway in frame, actual moments at these joints equal 
P-a effect.
u
—Cb + PA 
2
which is termed as
The communication towers are examples of structures with non-linear behaviour 
even under working conditions. This non-linear behaviour is the result of:
• Change in the stiffness of he guy cables due to constant changing guy tension
• Non-linear force-deformation relationship for the structure
3
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• Occurring of large displacements in the structure even under normal design 
loads
• Joint non-linearities due to semi-rigid connection properties
• Geometric non-linearities due to P -5  and P -A  effects
1.3 Objective
At present, the engineers use several approaches to design Guyed Towers. The 
most common are:
(1) Beam Approach
(2) Space Truss Approach
(3) Space Frame Approach
In the first two approaches, the towers are designed as axially loaded members only. 
Under Space Frame Approach, the towers are designed as space frame taking in to 
account the possible P-A effect.
This is most advanced and accurate approach in which the leg members and beam 
members are designed as beam-columns. So, this method provides comparatively 
heavier member sections and is the most expensive.
The objective of the thesis is to carry out non-linear analysis of guyed towers using 
ABAQUS program. Because of the highly complex non-linear behaviour of such 
towers, the objective of the present investigations is to discuss the difficulties
4
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associated with the analysis and provide solutions so as to enable other tower 
designers to successfully use ABAQUS program for the analysis of guyed towers.
5
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Chapter 2
Literature Review
The literature review fo rP -A  effect on leg members of communication towers were 
carried out in two sections:
1. North American Standards
2. Published Papers in Engineering Journals
2.1 Review of North American Standards
The study of North American Standards can be briefly summarized as under.
The following North American Standards were explored to study P -A  effect.
1 CSCA, 2001a. Antennas, Towers, and Antenna-Supporting Structures, CSA S37- 
01 (CSA, 2001)
2 CSCA, 2001b. Limit States Design of Steel Structures, CAN/CSA S16-01 
(CAN/CSA S16-01)
3 AISC, 1999. Load and Resistance Factor Design Specifications for Structural 
Steel Buildings (AISC 1999)
4 TIA, 2005. Structural Standards for Steel Antenna Towers and Antenna 
Supporting Structures and Antennas (ANSI/TIA/EIA-222-G 2005 Draft)
2.1.1 CSCA, 2001a. Antennas, Towers, and Antenna-Supporting Structures, CSA 
S37-01 (CSA, 2001)
This standards refers to CAN/CSA S16-01 forP-Aeffect
6
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2.1.2 CSCA, 2001b. Limit States Design of Steel Structures, CAN/CSA S16-01 
(CAN/CSA S16-01)
This standard classifies the steel member cross-section into four different classes as: 
Class 1: Sections will permit attainment of the plastic moment and
Subsequent redistribution of the bending moment will take place
Class 2: Sections will permit attainment of the plastic moment but the subsequent
moment redistribution will not take place
Class 3: Section will permit attainment of yield moment
Class 4: Sections will generally have local buckling of elements in compression as
the limit state of structural capacity
As per the Clause 13.8 for Axial Compression and Bending, this standard provides 
guidelines for design of beam-column members as follows:
For Class -  1 & Class -  2 Sections o f  I-Shaped Members 
Following interaction equations should be met.
Cf  0 .8 5 1 / ,^
Cr Mrx Mv
M r M fv 
Mrx M „
For A ll Classes o f  Sections except Class -  1 and Class -  2 Sections o f  I-Shaped Members 
Following interaction equations should be met.
7
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The capacity of the member shall be examined for:
(a) Cross-sectional strength
(b) Overall member strength
(c) Lateral torsional buckling strength 
Here,
Ui = 1.0 for Class -  1
Ui = — > 1.0 for Class -  2 and Class -  3
1 - - ^
C.
J3 = 0.6 + 0.4Ay <0.85
2.1.3 AISC, 1999. Load and Resistance Factor Design Specifications for 
Structural Steel Buildings (AISC 1999)
This standard deals with members subject to axial force and flexure about one or both 
axes of symmetry with or without torsion, and torsion only.
• For Doubly and Singly Symmetric Members in Flexure and Tension / Compression, 
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'  M  M  ^
IK  _|_________<V_ < 1.0
ny J
(b) For Pu < 0.2
P u
■ +
| ^»y < 1.0
ny
For Unsymmetrical Members and Members under Torsion and Combined Torsion, 
Flexure, Shear and / or Axial Force
The design strength, of the member shall equal or exceed the required normal 
stress / ,„  or the shear stress f w as mentioned below:
(a) For the limit state of yielding under normal stress:/,,, < where F„ = Fy
(b) For limit state of yielding under the shear stress: f HV < 0 .6 ^ ^  where F„ = Fy
(c) For the limit state of buckling,/,,, or f lv < <j)ĉ  where (j>c =0.85, F„ = Fcr
The procedure for determination of the second-order moment M„ can be obtained
as:
M u = B l M n , + B 2M „
where,
* i = 7 > 1.0
i - iPK el
C,„ -  a coefficient based on elastic first-order analysis assuming no lateral 
translation of the frame whose value shall be as:
9
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(a) For compression members not subject to transverse loading between their 
supports in the plane of bending,
Cm=0.6-0A {M JM 2) 
where, (M ,/M 2) is the ratio of the smaller to larger moments at the ends
of that portion of the member unbraced in the plane of bending under 
consideration
(b) For compression members subjected to transverse loading between their 
supports, the value of Cm shall be determined as:
For members whose ends are restrained, C„, = 0.85 
For members whose ends are unrestrained, Cm -  1.00
or




2.1.4 TIA, 2005. Structural Standards for Steel Antenna Towers and Antenna 
Supporting Structures and Antennas (ANSI/TIA/EIA-222-G 2005 Draft)
Under Section -  3: Analysis, this standard provides guidelines and specification to 
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(b) Application of wind forces
(c) Displacement Effects
(d) Wind Loading Pattern, and
(e) Shear and Tension Responses
Under Section -4 .7 : Flexural Members, this standard has following provisions: 
For Solid Round Members
For Tubular Round Members
Diameter to Thickness ratio (D/t) shall not exceed 400.
— <0.0714—  
t Fv
F D F
0.0714— < — <0.309— M, 0.0207£
0.309— < — <400 
F„ t
These sections should satisfy the following interaction equations:
p
For 0.2 < <1.0




For -^ -< 0 .2
11
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Where,








for members whose ends are restrained or continuous (e.g. leg
1
v1 r . j
for members whose ends are unrestrained (e.g. bracing members)
Calculation for F„
KL \Fy_
rn  V E




For Xc > 1.5 
F„ = (o.658*‘ ) f ,
Hence, we can summarize that none of the standards discussed above have provisions 
to account for the second-order effect for determining the Moment Magnification Factor 
due to P-a effect in Self-Supported Lattice Tower as well as in Guyed Masts.
This indicates the need for research.
2.2 Review of Published Papers in Engineering Journals
Koo (1968) came up with mathematical development of Amplification Factors for 
symmetrical loading based on classical version. By using the method of superposition 
in its modified form, in which, the deflection due to various arrangements of lateral 
loadings acting on a beam-column are obtained by superimposing deflections produced
12
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separately by each lateral load acting in combination with the identical axial force P, he 
generated several tables for Beam-Column Amplification Factors for symmetrical 
loading. He also generated four graphs incorporating variables like magnification factor,
Yr  and U - j k L .
Where,
L = Member Length 
k -  yj P I  E l
A = Cross-section area 
E = Modulus of Elasticity
r  = Governing radius of gyration about the axis of buckling
The equations he suggested in tables to calculate magnification factors for beam- 
columns under symmetrical loadings are useful.
Lui (1988) proposed a method to account fori5 and P - A  effects applicable to 
rectangular rigid (Type FR) frames and semi-rigid (Type PR) frames by use of fictitious 
or pseudo lateral load method.
He suggested that, for a member with no relative joint translation, the maximum span 
moment can be obtained as:
For a member with relative joint translation, the fixed-end moment can be:
13
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m f » [l+ *(*L )2+A(H,), ]il/„
Where,
Mmax = Maximum span moment 
MF = Fixed-end moment 
M0 = First-order moment
Duan, Sohal and Chen (1989) came up with a proposal of an improved Cm expression in 
terms of both the axial load ratio P/Pc and the end moment ratioMa/M b.
They proposed moment amplification factor (A/) for estimating the elastic second- 
orderP -deffect of beam-columns subjected to end moments without joint translation as




P = Axial Force
Pe = Euler’s Bucking Load
C(; = 1 + 0.25 (P/Pe) -  0.6 (P/Pc )* (Ma /M b +1)
The factor A'f  was compared with the exact solution for moment amplification factor and 
good agreement was observed.
The proposed c* factor includes the effects of both axial force and end moments and is 
simple to use. The proposed^ predicted th e P -J  effect in more accurate way while 
theP, factor in then prevailing LRFD usually underestimates theP-Jeffect and it
14
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becomes conservative in estimating it only in some uncommon cases like under high 
axial compression ratio (P/Pe > 0.7)
Chen and Wang (1998) came up with the proposal of new moment magnification 
factorB'. for calculating the P -8  effect in the design of steel beam-columns.
p




The generalized form of equation to calculate 5* = Bla
j
+  B \b
p
Where, p = — and Bla, Blb are constants, each varies linearly with l / ( l - p) and are
Pe
expressed in separate figures.
This equation is suggested to calculate the maximum bending moment incorporating the 
second-order effect.
They also conducted parametric studies to examine the accuracy of the proposed 
moment amplification factor and to compare it with that from theoretical analysis and 
from current design specification.
It is stated that the moment amplification factors B, as given by the present design 
specification are unable to predict the second-order P -8  effect properly. They 
concluded that then prevailing LRFD method may be unacceptable, as especially when
15
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the member is under high axial load. They proposed the following simple and easy to 
use moment amplification factor:
■ _ 0.64
1 ~P
1 - M l
V j
Where,
M, = ratio of smaller to bigger moment, positive for double curvature and negative
for single curvature
Since this proposed moment amplification factor can predict the P - t f  effect with very 
good accuracy. They recommend that this equation replace the equation in then 
prevailing LRFD design specification.
16
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Chapter 3
Finite Element Modeling And Analysis
3.1 General
Finite Element Analysis (FEA) is a method for numerical solution of field problems. A 
field problem requires that we determine the spatial distribution of one or more 
dependent variables. Mathematically, a field problem is described by differential 
equations or b y an integral expression. Either description may be used to formulate 
finite elements.
FEA has advantages over most other numerical analysis methods, including 
versatility and physical appeal.
• FEA is applicable to any field problem: heat transfer, stress analysis, magnetic 
field and so on.
• There is no geometric restriction. The body or region analyzed may have any 
shape.
• Boundary conditions and loadings are not restricted. For example, in stress 
analysis, any portion of a body may be supported, while distributed or 
concentrated forces may be applied to any other portion.
• Material properties are not restricted to isotropy and may change from one 
element to another or even within an element.
17
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• Components that have different behaviors and different mathematical descriptions 
can be combined. Thus a single FE model might contain bar, beam, plate, cable 
and friction elements.
• An FE structure closely resembles the actual body or region to be analyzed.
• The approximation is easily improved by grading the mesh so that more elements 
appear where field gradients are high and more resolution is required.
3.1.1 FEA
It involves Preprocessing, Numerical analysis and Postprocessing.
Preprocessing
It includes input data that describes geometry, material properties, loads and 
boundary conditions. It is required to decide about the type of element and mesh 
density required.
Numerical analysis
The software generates matrices that describe the behaviour of each element and 
combines these matrices into a large matrix equation that represents the FE 
structure. It solves these equations to determine values of field quantities at nodes. 
Subsequent additional calculations are performed if behaviour is nonlinear or time- 
dependent.
Postprocessing
The FEA solution and quantities derived from it are listed in tabular form or 
graphically displayed.
18
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3.1.2 FEA Modeling
An analytical model is applied to a model problem rather than to an actual physical 
problem.
A geometric model becomes a mathematical model when its behavior is described or 
approximated by selected differential equations and boundary conditions. The 
equations, depending on their particular forms, may incorporate restrictions such as 
homogeneity, isotropy, constancy of material property and smallness of strains and 
rotations.
A mathematical model is an idealization, in which geometry, material properties, 
loads, and boundary conditions are simplified based on the features that are 
important or unimportant in obtaining the results required.
3.1.3 Discretization
A mathematical model is discretized by dividing it into a mesh of finite elements. 
Thus, fully continuous field is represented by a piecewise continuous field defined by 
a finite number of nodal quantities and simple interpolation within each element. 
Relative to reality, there are two sources of error: (1) modeling error (2) discretization 
error.
Modeling error can be reduced by improving the model while discretization error can 
be reduced by using more elements. Discretization error could be reduced to zero by 
making the mesh finer but the reality could not be perfectly represented because of 
modeling error. (Cook et al. 2002)
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3.2 Beam Element
3.2.1 2D Elements
A 2D beam element has a node at each end. Each node has two degrees of 
freedom (d.o.f.) such as lateral translation and rotation. Nodal rotations contain 
subscript z to denote that their vector representations point along the z axis, which is 
normal to the xy plane. Nodal loads, are each positive if acting in the same direction 
as its corresponding d.o.f.
If lateral displacements to the xy plane are restricted, bending deformations are only 
considered and transverse shear deformations are ignored, then elementary beam 
theory is used known as Euler-Bernoulli beam theory.
If transverse shear deformation is taken in to account in above, such beam theory is 
called as Timoshenko beam theory.
With axial deformation d.o.f. ignored, the stiffness matrix of a 2D beam element is 4 
by 4 as shown in the Figure 3.1
3.2.2 3D Elements
In 3D beam elements, total d.o.f. are six per node: three translational and three 
rotations as shown in Figure 3.2, the w and dy6. o. f. account for lateral deflection in
the zy plane. The0t d.o.f. account for twist about the x axis, for which the stiffness
20
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
coefficient GK/L where K is a property of the shape and size of the cross section and 
[k] is:
X 0 0 0 0 0 -Xi 0 0 0 0 0 Ui
Yt 0 0 0 y2 0 -Yi 0 0 0 y 2 V1
Zi 0 -z2 0 0 0 -Zi 0 z2 0 W1
s 0 0 0 0 0 -s 0 0
Z3 0 0 0 Z2 0 z4 0
y 3 0 -y2 0 0 0 y4 0*
X 0 0 0 0 0 U2
Yi 0 0 0 -y 2 v2
Z1 0 Z3 0 w 2
s 0 0 9,2
z 3 0
y 3 9,2
Where S = GK/L and X, Yj and Z, are terms defined as under:
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Please refer to Fig. 3.2. For sign convention, 0̂,, produces negative z-direction 
lateral displacement, whereas 0., produces positive y-direction lateral displacement.
When elements are assembled, element d.o.f. at shared nodes are merged into a 
single set of “global" d.o.f.
For Beam elements of arbitrary orientation, we need to transform local coordinate 
system to global coordinate system. If [A:’] is stiffness matrix for local coordinate 
system then [A] can be obtained by applying a rotational coordinate transformation to 
[kr\. Hence [A] = [7] [k l
Consider a two-dimensional transformation. Starting with a beam element along a 
local axis x ’ in the xy plane, we seek the stiffness matrix of a bar element arbitrarily 
oriented in the xy plane so that it operates on the four nodal d.o f. shown in Fig. 3.3.
In matrix format, displacement arrays could be: {</’} = [7] {d)
rix is t ^ ]  =Where, the transformation mat 12 x 12
'A 0 0 0"











_0 0 0 A_ j J J  _
/, = cos P, m, = sin /? and n, = 0 and so on.
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Local directions should be suited to the element geometry so that cross-sectional 
properties of a beam element can be stated without confusion. This means the x ‘y ’ 
plane may be defined as being coincident with the web of an I  beam. Similarly, the
direction of local axis x’ is defined by global coordinates of the two beam nodes, 
which may be placed at the centroids of end cross sections.
3.3 Equilibrium Equations
The structure nodes are considered as small connectors to which elements are 
attached. The assembly of elements and load terms produces a set of equations 
stating that each node is in equilibrium. Loads applied to a node come from
- initial stress in elements
- external loads distributed over elements
- loads applied directly to nodes
In equilibrium equation [&] {d} = -{r}, the -{#•} represents loads applied to an element 
at its nodes to maintain its deformed state. Equal and opposite loads {r} are applied 
by an element to the structure nodes to which it is connected. Hence, loads applied 
to structure nodes include loads on structure nodes from element deformation: {r} = - 
[A] {d}. These loads may have components in each coordinate direction and include 
moments as well as forces. (Kulak and Grondin 2002)
The matrix equations that place structure nodes in equilibrium is
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N,h N,„
2W ,+2{r.> ,+(P) = {°)
1 = 1  1=1
N,h
Hence,[K]{d} = [R] where [K] = £ {k } ,
1=1
{R) = {P} + | > , } ,
1 = 1
where Neis is the number of elements in the structure
3.4 Formulas for Element Matrices
The Principle o f Virtual Work is used to obtain formulas for the element stiffness 
matrix and for load vectors associated with initial strains, body forces and surface 
tractions. A Virtual Displacement is an imaginary and very small change in the 
configuration of a system. Neither loads nor stresses are altered by a virtual 
displacement. The Principle o f Virtual Work, also known as the Principle o f Virtual 
Displacement can be stated as:
| { & } r {o-}dV = J{Su}T [ ¥ } dV  + J{Su}T {<)>}dS........... (3.4)
where, {Ss} = Strain Vector
{£u} = virtual displacement = \_8u 8v S w f
The symbol 8 has the same meaning as d for differential but by convention 8 is used 
when displacements are virtual.
The Principle o f Virtual Displacement states that for any quasistatic and admissible 
virtual displacement^} from an equilibrium configuration, the increment of strain
energy stored is equal to the increment of work done by body forces { f }  in volume V
and surface tractions {<(>} on surface S.
24
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Let displacements{u} be interpolated over an element in the same way as^ in 
equation (3) above is:
{u} = [N]{d} where |u }= |_«vw jr ..................... (3.5)
and {d} lists the nodal displacement d. o. f. of an element.
From the equation: {£•} = [3]{u}
if [B] = [a][N] then [^] = [B]{d}.......................... (3.6)
Matrix [B] is called strain-displacement matrix. From equation (5) and (6), we can 
say:
{<?u}r = {Jd}r [N] and {Ss}T ={Jd}r [B ]................ (3.7)
From equation (4), (6) and (7), we can get:
{S i}T( J[B]r [E][B]dV{d} -  j [B f  [E]{*„}dV + J[Bf  { t 0} dV- J [w f  [F]dV- J j[N ]r [*]rfs) = 0
 - (3 .8 )
Equation (3.8) must be true for any admissible virtual displacement!£d} from the 
equilibrium configuration. Hence, equation (8) yields [k][d] = |re]
where the element stiffness matrix is: [k] = J[B]r [e ] [b ]</F..................... (3.9)
3.4.1 Linear Triangle
A Linear Triangle is a plane triangle whose field quantity varies linearly with 
Cartesian coordinates x and y. In stress analysis, a linear displacement field 
produces a constant strain field, so the element is termed as constant-strain triangle 
(CST) (Fig. 3.4)
25
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For scalar field element, if generalized d.o.f. at then field quantity^ is interpolated 
over the element by the polynomial <f> = \\xy \< a-,
a3
Where we assume that node 1 is placed at x = y = 0 and side 1-2 along a local x 
axis as shown in Fig. 3.4 above.
V ' 1 0  O'
By substituting xI = y i= y 2 =  0, we will get • 0i = [A] a2 ■ where [A] = 1 x2 0
0i. °1. _! *3 y3_
Upon solving through Guass Elimination, we will get:
_ 0 i ~0 \  a _ (*3~ *2) X202 , 01ax = $x a2
*2̂ 3 ^  3̂
So, for the element in Fig. 3.4, the interpolated field ^ = [N j{d } would become:
^ = L1^ ^ J [a ] '1
' ----------------V----------------'
LNJ
Gradient of the fields are:
1 0 0
0i > where [ A ] 1 = _L 0 •*2 "2
0i. X 3 - X 2 X }  |
.  r 2>'3 *2>,3 >’3 .
K
[ * * .




where [B]= “  [ N j ..................(3.10)
The isotropic elements can be nonrectangular and can be even having curved sides. 
So, auxiliary coordinates like rs in two dimensions and rst in three dimensions 
should be used. These reference coordinates map the physical element into a 
reference element that is a square or a cube and are called natural or intrinsic 
coordinates. They attach to the element and maintain their position with respect to it 
regardless of element orientation in global coordinates. Element’s physical size and
26
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shape have no effect on the numerical values of reference coordinates at which 
node appear.
The element is said to be isoparametric if its geometry and field quantity^ use the 
same set of shape functions to interpolate from nodal values. Hence,
The relation between the type of plane triangular elements and number of 
polynomial coefficients can be seen from the Fig. 3.5
The shape functions TV,- in equation (3.10) can be stated in terms of r  and s rather 
than *  and y  as:
For three node element, please refer to Fig. 3.6
Nl = \ - r - s ,  N2 = r, N2 =s (3.12)
For six node element, please refer to Fig. 3.7
N, = ( l - r - s ) ( l - 2 r - 2 s )  N 2= r ( 2 r - l )  N2= s ( 2 s - \ ) ^
> ...(3.13)
Na = 4 / - ( l - r - s )  Ns =4rs N 6= 4 s ( \ - r - s )
From equation (3.11), we can write equation (3.10) as:
where [ j ]
The Jacobian matrix can be obtained as:
where xv = -  Xj
27
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For three-node triangle element, [k] = |[e]r [e][b]/ dA
3.4.2 Tetrahedra
The shape functions for four-node tetrahedron element in intrinsic coordinate system 
are ( Fig. 3.8):
Nl = \ - r - s - t  N2 = r N3 =s NA=t
To obtain the shape function N { of tetrahedron, we can take the product of two 
functions, each of which describes a face or other plane that passes through nodes 
other than node i.
The complete set of shape functions for the ten-node tetrahedron is:
JV, = { \ - r  — s — t ) { \ - 2 r - 2 s - 2 t )
N2 = r ( 2 r - \ )  Ns = 4 r ( l - r - s - t )  Ng=4rs 
N 3 = s ( 2 s - \ )  N6 = 4 s ( \ - r - s - t )  N9 =4st
Na = t ( 2 t - l )  N-j = 4 t ( \ - r - s - t )  N ]0=4tr
A family of tetrahedra can be generated that contains a complete polynomial of 
degree p.  The relation between p  and N,  where N  is both the number of nodes in the 
tetrahedron and the total number of terms in the complete polynomial is
W = (p + l)(p  + 2)0>+3)/6
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The shape and interpolation can be expressed as:













,rXi N. v.1 i,rSi
.sXi N. y.4 i,sSt
,x, N,,y, N
The element characteristic matrix is [k ]=  |[B ]r [v ][B ]f/r
3.5 Non-Linearity
There are three types of nonlinearity in structural mechanics:
1. Material nonlinearity: This includes nonlinear elasticity, plasticity and creep 
Most metals have a fairly linear stress/strain relationship at low strain values, but 
at higher strains the material yields, at which point the response becomes 
nonlinear and irreversible.
2. Geometric Nonlinearity: Deformation is large enough that equilibrium equations 
must be written with respect to the deformed structural geometry.
This kind of non-linearity occurs whenever the magnitude of the displacements 
affects the response of the structure.
Here, the deformations are large enough to alter the distribution or orientation of 
applied loads. Similarly there may be the cases where the orientation of internal 
resisting forces or moments may also get altered with the change in the external 
load magnitude or direction. This causes the problem of instability and buckling in 
slender structures like communication towers.
29
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In the structural equations [K]{D} = {R}, the coefficient matrix [K] and load vector {R} 
become functions of {D}. It is not possible to immediately solve for {D} since the 
information to construct {K} and {R} is not known in advance. This indicates need of 
any iteration process to obtain {D} and its associated {K} and {R} to be in equilibrium 
with {R}. (Rockey et al. 1975)
For the nonlinear relationship, the principle of superposition is not applicable to the 
equation [K]{D} = {R}. This is so because the linear scaling of results proportionately 
is not admissible and each different load case requires a separate analysis. Even a 
given set of load case gives more than one solution for {D}. Similarly if the load is 
applied in two separate proportions, each sequence produces different {D}.
3.6 Solution of Equations
The solution of structure equation [K] {D} = {R} is written as {D} = [K]'1{R}. The latter 
equation should be regarded as saying “solve for {D}” rather than requiring that [K] 
be inverted.
In structural mechanics, {D} represents nodal displacements, so the structure should 
be kinematically determinate; meaning the structure can have no rigid body modes 
or mechanisms. Since the unknowns are displacements rather than forces, static 
indeterminacy does not make the problem more complicated. Indeed, if there is high 
degree of static indeterminacy, the problem becomes simpler because there are 
fewer nontrivial equations.
30
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Equation solver can be classified as either direct or iterative. In a direct solution 
such as Gauss elimination, the number of operations required depends on matrix 
topology and the number of equations can be calculated in advance. In an iterative 
solution, the number of operations required is uncertain. Iterative cycling continues 
until a convergence test is satisfied.
A direct solver is efficient when the matrix profile is small. For this case, it is not 
required to assemble the entire structure matrix before starting to solve equations. 
Steps of assembly can alternate with steps of solution. When enough elements have 
been assembled to complete the initial portion of the structure matrix, solution 
begins, then temporarily ceases when more of the matrix must be built by assembly. 
This approach is called frontal method or wavefront method. The order in which 
equations are processed depends on element numbering, not node numbering. A 
frontal solution requires less storage than building the entire structure matrix before 
starting the solution, but it is more complicated to program.
Iterative solvers converge more slowly as the condition number of the structure 
matrix increases. For present discussion, the condition number can be thought of as 
the square of the ratio of the highest to the lowest vibration frequencies. Condition 
number is influenced by the types of element used; it is increased by larger aspect 
ratio of the structure and by larger aspect ratio of individual elements. Practical 
iterative solvers employ “preconditioners” that provide more rapid convergence.
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Iterative solvers have the advantage that they are not obliged to convert zeros under 
the skyline to nonzero terms. Thus, there is no need to reserve storage space for fills 
or to process them. Indeed, [K] need not even be assembled. Information needed 
for iteration consists of nodal forces associated with deformation. These forces can 
be computed element by element as needed, often by procedures that require less 
computation than generating [k] and the product of [k] {</} for each element. Iterative 
solvers can be considerably faster than a direct solver if there are great many d.o.f., 
equations are well conditioned, and [K] would have a large profile even if nodes 
were optimally numbered.
3.7 ABAQUS
Beam elements are used to model structures in which one dimension (the length) is 
significantly greater than the other two dimensions and in which the longitudinal 
stress is most important. Beam theory is based on the assumption that the 
deformation of the structure can be determined entirely from variables that are 
functions of position along the structure's length. For beam theory to produce 
acceptable results, the cross-sectional dimensions should be less than 1/10 of the 
structure's typical axial dimension.
ABAQUS beam elements assume that plane sections perpendicular to the axis of 
the beam remain plane during deformation.
The element library in ABAQUS contains several types of beam elements. A “beam” 
in this context is an element in which assumptions are made so that the problem is
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reduced to one dimension mathematically: We can define an axis such that the 
shortest distance from the axis to any point in the continuum is small compared to 
typical lengths along the axis.
The simplest approach to beam theory is the classical Euler-Bernoulli assumption, 
that plane cross-sections initially normal to the beam's axis remain plane, normal to 
the beam axis, and undistorted. The beam elements in ABAQUS that use cubic 
interpolation (element types B23, B33, etc.) all use this assumption, implemented in 
the context of arbitrarily large rotations but small strains. This approximation can 
also be used to formulate beams for large axial strains as well as large rotations.
The beam elements in ABAQUS that use linear and quadratic interpolation (B21, 
B22, B31, B32, etc.) are based on a formulation that they allow "transverse shear 
strain”. These means the cross-section may not necessarily remain normal to the 
beam axis. The large-strain formulation in these elements allows axial strains of 
arbitrary magnitude, but quadratic terms in the nominal torsional strain are neglected 
compared to unity, and the axial strain is assumed to be small in the calculation of 
the torsional shear strain: The strain in the beam's cross-section is the same in any 
direction in the cross-section and throughout the section.
3.8 FEA MODELS
3.8.1 The Model Details
There are three models of Guyed Communication Towers prepared and analyzed to 
assessP -A effects in the leg members as mentioned below:
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Guyed Towers
1. 76.8 m (252 ft) height
2. 212 m (697 ft) height
3. 583 m (1914 ft) height
4. A Sample Guyed Tower of 10 m (32.8 ft) Height
3.8.1.1 76.8 m (252 ft) Tower
The drawing of the actual tower is given in Appendix A-1. This tower has triangular 
cross-section and has pointed support at the bottom which tapers out to a face width 
of 76.20 mm at a height of 61.0 mm. This face width remains constant throughout 
the height of the tower. The three leg members are solid rounds with cross-sectional 
dimension o f-
• 50.8 mm diameter between 0.61 m - 25 m and 36.6 m -  43.3 m elevation.
• 45 mm diameter between 25 m -  36.6 m and 43.3 m -  76.8 m elevation.
The diamond-shaped diagonal bracing consists of solid round bars of 15.9 mm 
and 19.05 mm diameter. Their distribution along the height of the tower is -
• 15.9 mm diameter between 0.61 m -  18.9 m, 25 m -  37.2 m, 43.3 m -  67.7 m 
elevation.
• 19.05 mm diameter between 18.9 m - 25 m, 37.2 m -  43.3 m, 67.7 m - 76.8 m 
elevation.
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The panel height is 762.0 mm throughout the height of tower. The horizontal bracing 
members are solid circular bars of diameter 15.90 mm throughout the height of 
tower at a uniform spacing of 762.0 mm.
The guys are circular in cross-section with an anchor radius of 61.0 m. They are 
connected to the mast at four different levels viz. 21.6 m, 39.9 m, 55.5 m, and 71.1 
m. The lowest level guys are of 14.3 mm in diameter and the highest level guys are 
of 21.0 mm diameter. The middle two level guys are 15.9 mm in diameter. All guys 
are given 10% of Normal Breaking Load as initial pre-tension.
The ABAQUS model for this tower consists of a total 6735 node spaced at a 
distance of 22.86 mm. All leg panels are 762.0 mm long, with 20 nodes each. The 
leg members are made of three dimensional linear beam elements in space, type 
B31 with circular cross-section. The diagonal members, horizontal members as well 
as cable members are made of three dimensional truss elements in space, type 
T3D2 with circular cross-section. However, the cable elements have no compression 
carrying capability.
The loading is applied as a point load on each node of the leg members throughout 
the height. The wind load and appurtenance loads are applied equally to all three 
legs of the tower as shown in Table 3.1.
35
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
The relevant ABAQUS Input File, ABAQUS Output File and Output Analysis are 
included in the enclosed-CD-ROM (Appendix -  B). The ABAQUS results of this 
model are shown in Tables 3.2-A, 3.2-B and 3.2-C.
3.8.1.2 212 m (697 ft) Tower
The drawing of the actual tower is shown in Appendix: A-2. This tower has a 
triangular cross-section and has pointed support at the bottom which tapers out to 
a face width of 1.22 m at a height of 3.353 m. This face width remains constant
through out the height of the tower. The three leg members are solid round in
shape with cross-sectional dimension of -
•  69.9 mm diameter between 3.353 m - 67.4 m, 79.6 m -  110 m, and 164.9 m -
183.2 m elevations.
• 76.2 mm (diameter) between the tower heights of 67.36 m -  79.6 m, and 183.2 m 
-190  m elevation.
• 57.2 mm (diameter) between the tower heights of 110 m -  165 m elevation.
• 63.5 mm (diameter) between the tower heights of 190 m -  195.6 m elevation.
• 50.8 mm (diameter) at the height of 195.6 m to 212.5 m elevation.
The diamond shaped diagonal bracing consists of solid round bars of 19.1 mm, 22.2 
mm, 25.4 mm and 52.1 mm diameter. Their distribution along the height of the tower 
is:
• 19.1 mm (diameter) between 3.353 m -  24.7 m, 43 m -  61.3 m, 110 m -  177 m, 
and 190 m -  201.2 m of tower elevation
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•  22.2 mm (diameter) between 24.7 m -  30.8 m, 36.9 m -  43 m, 61.3 m -  67.4 m,
79.6 m -  104 m, and 177 m -  190 m tower elevations
•  25.4 mm (diameter) between 30.8 m -  36.9 m, 67.4 m -  79.6 m, and 67.7 m -
76.8 m tower elevation
The spacing of diagonal members is 87.1 mm through out the height of tower. The 
horizontal bracing members are solid circular bar of diameter 3.18 mm and 1.91 mm 
through out the height of tower at a uniform spacing of 87.10 mm.
The guys are circular in cross-section and tied at tower heights of 36.2 m, 63.8 m,
108.7 m, 144 m, and 180.8 m. The top three guys are tied at a radial distance 107.7, 
and the lower two at a radial distance of 91.4 m extending out from the centroid of 
the triangular top view of tower. The guys from lower to higher levels are of 19.1 
mm, 22.2 mm, 23.8 mm, 15.9 mm, and 27.0 mm in diameter respectively. The 
middle two level guys are of 15.9 mm diameter. All guys are given 8% - 12% of 
Normal Buckling Load as initial pre-tension.
The ABAQUS model for this tower consists of total 24,714 nodes spaced at a 
distance of 54.0 mm. All leg panels are of 87.1 mm span, which consist 16 nodes 
each. The leg members are made of three dimensional linear beam elements in 
space, type B31 with circular cross-section. The diagonal members, horizontal 
members as well as cable members are made of three dimensional truss elements 
in space, type T3D2 with circular cross-section. However, the cable elements have 
incompressive in nature.
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The loading is applied as a point load on each node of the leg members through out 
the height. The wind load and appurtenance load is applied equally to all three legs 
of the tower as shown in Table 3.3
The relevant ABAQUS Input File, ABAQUS Output File and Output Analysis are 
included in the enclosed CD-ROM. Please refer to Appendix -  B for details. The 
ABAQUS results of this model are shown in the Table 3.4-A, Table 3.4-B and Table 
3.4-C.
3.8.1.3 583 m (1914 ft) Tower
Please refer to Appendix: A-3 for the drawing of actual tower.
This tower has triangular cross-section in top view and having pointed support at the 
bottom which tapers out to a face width of 3.048 m at a height of 7.41 m. This face 
width remains constant through out the height of the tower. The three leg members 
are solid round in shape with cross-sectional dimension o f-
• 190.5 mm (diameter) between the tower heights of 7.41 m -  29.3 m elevation.
•  184.2 mm (diameter) between the tower heights of 29.3 m -  75 m elevation.
•  177.8 mm (diameter) between the tower heights of 75 m -  166.42 m elevation.
•  165.1 mm (diameter) between the tower heights of 166.42 m -  230.43 m 
elevation.
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•  152.4 mm (diameter) between the tower heights of 230.43 m -  303.58 m 
elevation.
• 146.1 mm (diameter) at the height of 303.58 m to 367.59 m elevation
• 133.4 mm (diameter) at the height of 367.59 m to 422.45 m elevation
• 127 mm (diameter) at the height of 422.45 m to 486.46 m elevation
• 120.7 mm (diameter) at the height of 486.46 m to 583 m (1914 ft).elevation
The diamond shaped diagonal bracing consists of double angle members and solid 
round bars. Their distribution along the height of the tower is as follows:
• 2 s  8 9 x 8 9 x 1 3  mm between the tower heights of 16.3 m -  20.11 m, and 559.6 
m -  583m elevation
•  round bar of 28.6 mm (diameter) between of 20.1 m -  56.7 m, 84.1 m -  120.7 m,
166.4 m -  193.9 m, 230.4 m -  276.2 m, 294.4 m -  331 m, 358.4 m -  404.2 m,
422.5 m -  468.2 m, and 486.5 m -  559.6 m elevation
• round bar of 31.8 mm (diameter) between tower heights of 56.7 m -  65.8 m, 
193.9 m -  201 m, 221.3 m -  230.4 m, 276.2 m -  264.4 m, 331 m -  358.4 m,
404.2 m -  422.5m, and 477.3 m -  486.5 m elevation
• round bar of 38.1 mm (diameter) between tower heights of 65.8 m -  84.1 m,
120.7 m -  166.4 m, 203 m -  221.3 m, and 468.2 m -  477.3 m elevation
The spacing of diagonal members is 4.572 m through out the height of tower. The 
horizontal bracing members are of Z  76 x 64 x 9.5 mm exists between 20.12 m to
559.6 m height of tower at a uniform spacing of 2.286 m.
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The guy details for this tower are depicted in Table 3.5.
The ABAQUS model for this tower consists of total 53,254 nodes spaced at a 
distance of 81.6 mm. All leg panels are of 2.286 m span, which consist 28 nodes 
each. The leg members are made of three dimensional linear beam elements in 
space, type B31 with circular cross-section. The diagonal members, horizontal 
members as well as cable members are made of three dimensional truss elements 
in space, type T3D2 with circular cross-section. However, the cable elements have 
incompressive in nature.
The loading is applied as a point load on each node of the leg members through out 
the height. The wind load and appurtenance load is applied equally to all three legs 
of the tower as shown in Table 3.6.
The relevant ABAQUS Input File, ABAQUS Output File and Output Analysis are 
included in the enclosed CD-ROM. Please refer to Appendix -  B for details. The 
ABAQUS results of this model are shown in the Table 3.7-A, Table 3.7-B and 
Table 3.7-C.
3.8.1.4 Sample Guyed Tower of 10 m (30.5 ft) Height
Please refer to Fig. 3.10 for the drawing of actual tower.
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This 10 m high tower consists of a simple column like structure with three guys tied 
at the top. The mast is solid circular in cross-section having a diameter of 80.0 mm. 
The round cables are 10.6 mm in diameter. A fictitious wind load of 100 KN is 
applied at the top and linear as well as non-linear analysis has been carried out to 
assess the P-A effect.
The ABAQUS model for this tower consists of just one B31 beam element for the 
mast and T3D2 type single truss element to present each cable.
The relevant ABAQUS Input File, ABAQUS Output File and Output Analysis are 
included in the enclosed CD-ROM. Please refer to Appendix -  B for details.
The Moment is found magnified due P-A effect by the ratio of 1.29.
3.8.2 ABAQUS Models Summary
The details of all three guyed towers conforming the dimensional guidelines of 
ABAQ US Guide for beam element selection are depicted in Table 3.8.
3.8.3 Beam Elements in ABAQUS
They are “beam-column” elements— meaning they allow axial, bending, and 
torsional deformation. The Timoshenko beam elements also consider the effects of 
transverse shear deformation.
The linear elements (B21 and B31) and the quadratic elements (B22 and B32) are 
shear deformable, Timoshenko beams which are suitable for modeling both thick
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members, in which shear deformation is important, and slender beams, in which 
shear deformation is not important.
ABAQUS assumes the transverse shear stiffness of these beam elements to be 
linear elastic and constant. In addition, these beams are formulated so that their 
cross-sectional area can change as a function of the axial deformation, an effect that 
is considered only in geometrically nonlinear simulations in which the Poisson’s ratio 
of the beam section property option has a nonzero value. These elements can 
provide useful results as long as the cross-sectional dimensions are less than 1/10 
of the typical axial dimensions of the structure, which is generally considered to be 
the limit of the applicability of beam theory; If the beam cross-section does not 
remain plane under bending deformation, beam theory is not adequate to model the 
deformation.
The cubic elements (B23 and B33) follow Euler-Bernoulli beam theory and hence do 
not possess shear flexibility in model.
Depending upon the analysis condition and model, ABAQ U S Guide  gives the 
following suggestion for the selection of beam element amongst the different 
varieties of beam elements available to choose from:
• First-order, shear-deformable beam elements (B21, B31) should be used in any 
simulation that includes contact.
•  If the structure is either very rigid or very flexible, hybrid beam elements (B21H, 
B32H, etc.) should be used in geometrically nonlinear simulations.
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•  Euler-Bernoulli (cubic) beams (B23, B33) are very accurate for simulations that 
include distributed loading, such as dynamic vibration analyses. If the transverse 
shear deformation is also important, Timoshenko (quadratic) beam elements 
instead (B22, B32) should be used.
The justification of selected beam element in all FEA Models is discussed under 
Section 3.8.4.
3.8.4 Element Selection Check
A comparative analysis has been done by preparing a ABAQUS models of 76.8 m 
(252 ft) guyed tower under the similar loading conditions as discussed above with all 
three beam elements, viz.:
^  Shear deformable first-order Timoshenko B31 elements
Shear deformable second-order (quadratic) Timoshenko B32 element, and 
Euler-Bernoulli (cubic) B33 element.
A comparative analysis has been done to assess the effect of second-order element 
B32, and cubical element B33 over the all panels along the height of guyed tower for 
the maximum bending moment. The results, as shown graphically in Fig. 3.11, are 
found closely overlapping through all the panels in both towers which justify the use 
of B31 without compromising the accuracy.
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Table 3.9 shows in percentage the increase in maximum span bending moment 
along all panels throughout the height of tower if beam elements B32 and B33 are 
used instead of B31.
It can be concluded that use of B31 with finer mesh that falls well below the 
permissible a /l ratio:
• imparts better stability under non-linear analysis
• saves the computation resources
• generates comparatively smaller output, and
• gives quite accurate results (< 5% error on the unsafe side)
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The Guyed Tower presents a very complicated structural analysis puzzle and 




While modeling the guyed towers of 76.8 m (252 ft), 212 m (696 ft), and 583 m 
(1913 ft) heights using ABAQUS, various hurdles were encountered which are 
explained in section 4.2.
4.2 Difficulties in Guyed Tower Analysis and Solution
4.2.1 Getting Zero Moment at Bracing Junctions
The bracing members of the mast behave like a truss. These members of the tower 
have no moment resistance and only provide support to the leg members from 
buckling. Hence the actual model members are required to resemble the reality of 
the structure.
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If this phenomenon is not taken care of while defining the model bracing members in 
FEA simulation, the execution results in incorrect output at the panel junctions like 
zero moments, or no axial forces in the bracing members etc. The efforts to resolve 
the above problem by defining beam type of bracing member elements and then 
making some adjustment later on to correct its behaviour mostly leads to 
unpredictable variation in the model output.
Solution
The bracing members should be defined as truss elements. The selection of type of 
truss elements depends upon the actual structural details and the one selected 
should exactly or closely resemble the actual member’s physical property and 
behaviour.
In ABAQUS, it’s desirable to define 2D or 3D truss elements that directly connect leg 
members. It’s a wrong practice to define bracing members as beam elements and 
then releasing one or both axial moments at the junction points by using *re lease  
keyword.
The three representative guyed towers under consideration constitute Three 
Dimension - Two Node Truss Elements in Space, called as T3D2 type in ABAQUS.
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4.2.2 Structural Instability under Self-Weight
It is very common to have one or more intermediate joints in real structures. These 
joints may be in the form of bolted connections or welded one -  depending upon the 
design needs.
Even if these intricacies of bracing members are incorporated accurately in the FE 
model, the model simulation becomes unstable under its own weight and ABAQUS 
execution terminates prematurely.
Solution
It is not always true to get exact resemblance to the real-life structures in FEA 
modeling in ABAQUS.
The actual jointed bracing members may be very common in real structures but are 
the source of inadequate boundary conditions in finite element models. It may cause 
singularity in stiffness matrix resulting in to premature termination of execution due 
to simulation instability.
This kind of problem can be eliminated by providing one single truss element, with 
no joint in between, connecting the leg members which may compromise the acute 
real structure resemblance. Alternatively, additional redundant truss elements that 
join the leg members and the intermediate bracing member joint can provided so as
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to have adequate boundary conditions at the intermediate bracing joints to avoid 
singularity in the stiffness matrix. The latter case also compromises the exact 
resemblance of FE model with the real structures.
4.2.3 Structural Instability under Lateral Load
The guyed towers are designed to sustain lateral loads that include wind load, and 
seismic loading. The magnitude of these loading along the height of the tower varies 
and is region-specific.
Even if the FEA model that perfectly resembles the real field structure, when 
subjected to design / factored wind load, it fails prematurely.
Solution
The guyed latticed towers are very slender in nature. The situation becomes worse 
because they are normally supported by a relatively narrower foundation than their 
face width. Coupled with the all types of non-linearity mentioned above, the 
behaviour of the guyed tower under the lateral loading becomes very complex. 
That’s why the FE model of the same structure is susceptible to instability even 
under the fraction of the actual design / factored lateral load.
While dealing with the non-linearity in the guyed towers together, it is very important 
to take care of the lateral loading steps (history data in ABAQUS input file). To avoid 
instability or collapse of the structure not due to local buckling, it’s desirable to have
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the whole load value split up in to number of small quanta and each of these quanta 
is being applied in a sequentially increasing order while the equilibrium of the 
structure is checked and maintained at the end of application of each quanta. In 
ABAQUS, the M odified  r ik s  Method is the most suitable to handle this delicate 
issue. It also manipulates the quanta value to ascertain the restoration of the 
structural stability after application of each incremental lateral load. Also the use has 
flexibility to terminate the execution when the desired quantity of load is applied on 
the structure or estimated deflection at certain level of structure is attained.
4.2.4 Negative Pre-Tension in Guys
In reality, the guys are applied some pre-determined pre-tension and these pre­
tensions are maintained until the tower installation is completed. This initial- 
pretension in the guys varies from 8% to 12% of normal breaking load of the cable.
In FEA simulation, the initial pre-tension is normally applied to the cables before the 
actual self-weight and the wind load are applied. It is very important to successfully 
go through the initial pre-tension steps in FEA simulation through ABAQUS to 
proceed for the behaviour of the model under self-weight and lateral loading.
Despite having perfectly managed FEA model that reflect acute resemblance with 
the actual structures in terms of physical properties and behaviour, sometimes it 
becomes extremely difficult to have proper initial pre-tension in the cable.
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Solution
Pre-tension is modeled as an assembly load in ABAQUS. The pre-tension section is 
required to be defined that may constitute either surface or a node and provides the 
source of tension on both sides of the section.
ABAQUS allows prescribing assembly loads across fasteners that are modeled by 
continuum, truss, or beam elements. The steps needed to model an assembly load 
vary slightly depending on the type of elements used to model.
When a pre-tensioned is required to be applied to a truss or beam element, the pre­
tension section is reduced to a point. The section is assumed to be located inside 
the element and the normal to the section is mentioned as if it is directed from the 
first to the last node of the associated element. The beam or truss element is 
required to be defined or generated in a way so that pre-tension node is 
incorporated with in the element. The association of this pre-tension node with the 
element can be achieved by using * p re -te n s io n  sec tio n  and furnishing 
relevant information under element and node parameter.
The pre-tension load is transmitted across the pre-tension section by means of the 
pre-tension node and a concentrated load is applied to the pre-tension node by 
using the *c load keyword.
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As shown in the figure below, the pre-tension is applied as force through pre-tension 
node in the direction of n. The pre-tension node has only one degree of freedom 
(d. o. f. 1) available and the element directional vector determines the underlying 
portion of the element. In above figure, the element portion towards the node 
number 1 is considered the underlying part.
After the application of pre-tension, the upper portion of the element gets stretched 
while the underlying portion shrinks. The extent of stretching and / or shrinking of the 
pre-tension element portions depend on the type of pre-tension element and pre­
tension force. This phenomenon requires the user to take appropriate care while 
selecting the pre-tension element, the relative position of pre-tension node within the 
associated element and pre-tension force applied. Overlook of any of these 
parameters may cause shrinkage of underlying portion to negative length under pre­
tension. Because of this development, the ABAQUS gives incorrect results of pre­
tension cable and prevents the user to proceed for further analysis steps. A number 
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Alternatively, the pre-tension in the cable can be applied through * i n i t i a l  
c o n d itio n  option. Instead of tensile force, the pre-tension can be applied in the 
form of equivalent stress  in cables. The three guyed towers under consideration 
have been treated through the latter ways of pre-stressing the cables.
4.2.5 Unjustified Results at Guy-Mast Junctions
Sometimes the user may observe that despite proper FEA modeling in ABAQUS, 
the equilibrium of the guy-mast junction points are not restored and the stress levels 
in the cables soon after the self-weight application changes unacceptably.
Solution
ABAQUS executes the model in dimensionless way. In other word, ABAQUS never 
required the user to input the units to the software. ABAQUS leave it up to user to be 
consistent for the units through out the modeling and history data.
Hence, it is user’s responsibility to be aware of the various unit systems and the way 
it’s complying to ABAQUS simulation. The parameters significant for the problem 
under consideration are:
• Material Density Property
• Material Elasticity and Plasticity Properties
• Acceleration due to gravity
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•  Directional unit vectors that are commonly used for loading or defining normals
•  Consistency amongst the switching between two different element specific load 
types within the same step (i.e. uniformly distributed load & Concentrated Load)
Frequent checks along with the close review of abaqus Guide can definitely help 
the user to avoid occurrence of such not-easily-noticeable mistakes in the FE 
models and/or analysis that costs most of the valuable time for rectification, 
especially in large models.
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Chapter 5
Summary and Recommendation for Further Research
5.1 Summary
This research emphasizes the importance of P-A and P-6 effects on the design of 
guyed latticed towers. These towers are highly non-linear and require special 
techniques for their analysis using the ABAQUS software. A simple model (five 
nodes and four elements) was chosen to carry out linear and non-linear analyses 
and it is shown that these P-A and P-5 effects are significant (up to 29 % increase in 
moments for the sample tower).
Three prototype towers with heights ranging from 76.8 m (252 ft) to 583 m (1914 ft) 
were analyzed. The usual methods of loading resulted in the instability of the towers. 
Special sequences of loading and techniques of load applications were required for 
the successful analysis of these towers. This research investigates those 
techniques. It makes it possible for engineers to analyze guyed latticed towers if the 
techniques described in the thesis are followed. The following is the sequence of 
loading and the magnitude of load application:
STEP 1: Apply the full pre-stress the guys
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STEP 2: Apply Gravity and wind Load in suitable increments (appropriate magnitude 
of every increment is determined by the ABAQUS software by means of Modified 
RIKS Method)
If this sequences and procedures are not strictly followed, instability problems arise 
resulting in pre-mature termination of analysis.
5.2 Recommendation for Further Research
It is recommended that linear analysis be carried out for these prototype towers and 
numerical values for the P-A and P-S effects be evaluated.
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Tables
Table 3.1 Loading on 76.8 m (252 ft) Guyed Mast
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0.6096 0.381 2.0268E-03 -205335 680.9000 680.9000
0.9906 0.762 2.0268E-03 -219268 163.5000 180.5000
1.7526 0.762 2.0268E-03 -249590.5 68.9800 68.9800
2.5146 0.762 2.0268E-03 -275662 17.6300 97.1500
3.2766 0.762 2.0268E-03 -298936.5 11.5400 95.2000
4.0386 0.762 2.0268E-03 -319227.5 14.0600 107.9000
4.8006 0.762 2.0268E-03 -336492.5 18.2300 114.8000
5.5626 0.762 2.0268E-03 -350702 20.8600 121.8000
6.3246 0.762 2.0268E-03 -361822.5 23.0000 126.9000
7.0866 0.762 2.0268E-03 -369834.5 24.3900 130.8000
7.8486 0.762 2.0268E-03 -374720.5 25.1500 133.2000
8.6106 0.762 2.0268E-03 -376470.5 25.2800 134.0000
9.3726 0.762 2.0268E-03 -375082.5 25.2400 133.4000
10.1346 0.762 2.0268E-03 -370560 24.6400 131.4000
10.8966 0.762 2.0268E-03 -362913 23.4000 127.8000
11.6586 0.762 2.0268E-03 -352158 21.4900 122.8000
12.4206 0.762 2.0268E-03 -338318.5 18.8600 116.4000
13.1826 0.762 2.0268E-03 -321424 15.4600 108.7000
13.9446 0.762 2.0268E-03 -301511.5 11.2400 99.7700
14.7066 0.762 2.0268E-03 -278620.5 6.0670 89.6500
15.4686 0.762 2.0268E-03 -252801 6.7870 78.3100
16.2306 0.762 2.0268E-03 -224103 14.4900 66.3800
16.9926 0.762 2.0268E-03 -192603 26.7400 52.1800
17.7546 0.762 2.0268E-03 -158295 29.6200 41.5600
18.5166 0.762 2.0268E-03 -121581 71.9500 71.9500
19.2786 0.762 2.0268E-03 -80895.5 100.7000 100.7000
20.0406 0.762 2.0268E-03 -37586.45 97.2400 97.2400
20.8026 0.762 2.0268E-03 -2459.35 391.7000 391.7000
21.5646 0.762 2.0268E-03 32146.45 391.4000 391.4000
22.3266 0.762 2.0268E-03 6583.35 118.8000 118.8000
23.0886 0.762 2.0268E-03 -27776.3 121.3000 121.3000
23.8506 0.762 2.0268E-03 -58093.7 61.2300 61.2300
24.6126 0.762 2.0268E-03 -84720.45 68.6500 68.6500
25.3746 0.762 1.5518E-03 -110179.5 67.7800 67.7800
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26.1366 0.762 1.5518E-03 -131435 50.4500 50.4500
26.8986 0.762 1.5518E-03 -149295.5 50.0500 50.0500
27.6606 0.762 1.5518E-03 -163573.5 45.6000 52.2600
28.4226 0.762 1.5518E-03 -174259.5 43.5500 55.7900
29.1846 0.762 1.5518E-03 -181323 41.8000 58.3300
29.9466 0.762 1.5518E-03 -184748.5 40.8900 59.5300
30.7086 0.762 1.5518E-03 -184526.5 40.9100 59.5000
31.4706 0.762 1.5518E-03 -180659.5 41.8600 58.1900
32.2326 0.762 1.5518E-03 -173155.5 43.5600 55.6200
32.9946 0.762 1.5518E-03 -162033 45.9400 51.8700
33.7566 0.762 1.5518E-03 -147318.5 49.5100 49.5100
34.5186 0.762 1.5518E-03 -129043 52.9700 52.9700
35.2806 0.762 1.5518E-03 -107277.5 61.0800 61.0800
36.0426 0.762 1.5518E-03 -81904.75 61.2900 61.2900
36.8046 0.762 1.5518E-03 -54115.5 103.7000 103.7000
37.5666 0.762 2.0268E-03 -21667.8 137.3000 137.3000
38.3286 0.762 2.0268E-03 15916 133.9000 133.9000
39.0906 0.762 2.0268E-03 45794.2 451.5000 451.5000
39.8526 0.762 2.0268E-03 103613 450.9000 450.9000
40.6146 0.762 2.0268E-03 71823.2 153.4000 153.4000
41.3766 0.762 2.0268E-03 31505.65 155.8000 155.8000
42.1386 0.762 2.0268E-03 -3269.65 88.3400 88.3400
42.9006 0.762 2.0268E-03 -33523.35 88.3900 88.3900
43.6626 0.762 1.5518E-03 -61176.45 82.2000 82.2000
44.4246 0.762 1.5518E-03 -84461 61.4400 61.4400
45.1866 0.762 1.5518E-03 -103912.5 60.5900 60.5900
45.9486 0.762 1.5518E-03 -119381.5 55.5000 55.5000
46.7106 0.762 1.5518E-03 -130862 53.0000 54.4700
47.4726 0.762 1.5518E-03 -138328 50.9800 57.0500
48.2346 0.762 1.5518E-03 -141766.5 49.9300 58.2100
48.9966 0.762 1.5518E-03 -141170.5 50.0400 58.0800
49.7586 0.762 1.5518E-03 -136542 51.5600 56.4500
50.5206 0.762 1.5518E-03 -127890.5 52.8100 53.9700
51.2826 0.762 1.5518E-03 -115229.5 58.9100 58.9100
52.0446 0.762 1.5518E-03 -98575.8 58.9400 58.9400
52.8066 0.762 1.5518E-03 -78076.75 93.7700 93.7700
53.5686 0.762 1.5518E-03 -52664.1 91.6800 91.6800
54.3306 0.762 1.5518E-03 -31364.05 299.7000 299.7000
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55.0926 0.762 1.5518E-03 36696.35 298.8000 298.8000
55.8546 0.762 1.5518E-03 -35.878635 98.7100 98.7100
56.6166 0.762 1.5518E-03 -41360.25 100.3000 100.3000
57.3786 0.762 1.5518E-03 -77348.3 58.9200 58.9200
58.1406 0.762 1.5518E-03 -109154 58.5900 60.1500
58.9026 0.762 1.5518E-03 -136619 49.7600 70.6900
59.6646 0.762 1.5518E-03 -159718 45.8100 78.3900
60.4266 0.762 1.5518E-03 -178425 42.1500 85.4800
61.1886 0.762 1.5518E-03 -192720 39.3100 89.7600
61.9506 0.762 1.5518E-03 -202654 35.9300 92.6400
62.7126 0.762 1.5518E-03 -208282 34.4400 94.9000
63.4746 0.762 1.5518E-03 -209600.5 34.2300 95.5800
64.2366 0.762 1.5518E-03 -206611.5 35.7100 93.9000
64.9986 0.762 1.5518E-03 -199306 35.7600 93.2600
65.7606 0.762 1.5518E-03 -187703.5 47.9600 82.4500
66.5226 0.762 1.5518E-03 -172084 46.8800 103.0000
67.2846 0.762 1.5518E-03 -140883 47.5100 66.1800
68.0466 0.762 1.5518E-03 -96935 49.5400 49.5400
68.8086 0.762 1.5518E-03 -52818.7 70.1100 70.1100
69.5706 0.762 1.5518E-03 -4591.85 68.4800 68.4800
70.3326 0.762 1.5518E-03 32941.3 301.9000 301.9000
71.0946 0.762 1.5518E-03 153442.5 300.0000 300.0000
71.8566 0.762 1.5518E-03 127780.5 97.0800 97.0800
72.6186 0.762 1.5518E-03 97769.95 98.8900 98.8900
73.3806 0.762 1.5518E-03 71377.75 59.8300 59.8300
74.1426 0.762 1.5518E-03 46647.55 58.2500 58.2500
74.9046 0.762 1.5518E-03 21973.7 333.6000 333.6000
75.6666 0.762 1.5518E-03 3567.7 384.4000 695.3000
76.4286 0.381 1.5518E-03 -979.83 421.9000 421.9000
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Table 3.2-B Results for 76.8 m (252 ft) Guyed Tower -  Leg 2
Tower Member P r°t?S" Axial Max End Max Span 
Height (m) Length (m) Force (N) Mom Mom
0.6096 0.381 2.0268E-03 -116280 276.6677 276.6677
0.9906 0.762 2.0268E-03 -96765.1 95.4697 95.4697
1.7526 0.762 2.0268E-03 -82952.05 29.9800 78.8386
2.5146 0.762 2.0268E-03 -69579.5 16.9611 79.9680
3.2766 0.762 2.0268E-03 -57741 23.7267 90.6727
4.0386 0.762 2.0268E-03 -47401.1 31.4500 97.3705
4.8006 0.762 2.0268E-03 -38564.6 37.5702 103.7000
5.5626 0.762 2.0268E-03 -31258.35 42.6701 108.8001
6.3246 0.762 2.0268E-03 -25493.75 46.5401 112.7000
7.0866 0.762 2.0268E-03 -21282.9 49.2001 115.6000
7.8486 0.762 2.0268E-03 -18633.45 50.6101 117.3000
8.6106 0.762 2.0268E-03 -17550.35 50.7801 117.9000
9.3726 0.762 2.0268E-03 -18035 50.7601 117.5000
10.1346 0.762 2.0268E-03 -20085.45 49.6301 116.0000
10.8966 0.762 2.0268E-03 -23696.7 47.2501 113.3000
11.6586 0.762 2.0268E-03 -28860.45 43.6501 109.6000
12.4206 0.762 2.0268E-03 -35565.15 38.8501 104.7000
13.1826 0.762 2.0268E-03 -43796.15 32.8801 98.7700
13.9446 0.762 2.0268E-03 -53535.7 25.8101 91.6700
14.7066 0.762 2.0268E-03 -64763.1 17.6501 83.4400
15.4686 0.762 2.0268E-03 -77454.2 8.5322 73.9900
16.2306 0.762 2.0268E-03 -91583.2 11.4005 63.7001
16.9926 0.762 2.0268E-03 -107119 25.8107 50.8500
17.7546 0.762 2.0268E-03 -124016.5 26.7582 42.6309
18.5166 0.762 2.0268E-03 -142426.5 88.0744 88.0744
19.2786 0.762 2.0268E-03 -160465.5 88.5194 88.5194
20.0406 0.762 2.0268E-03 -180771.5 111.1365 111.1365
20.8026 0.762 2.0268E-03 -207623.5 143.4149 143.4149
21.5646 0.762 2.0268E-03 -206543.5 143.7132 143.7132
22.3266 0.762 2.0268E-03 -183532 121.1500 121.1500
23.0886 0.762 2.0268E-03 -167618 71.9297 71.9297
23.8506 0.762 2.0268E-03 -152328.5 71.8154 71.8154
24.6126 0.762 2.0268E-03 -136876.5 68.6410 68.6410
25.3746 0.762 1.5518E-03 -125139.5 67.8507 67.8507
26.1366 0.762 1.5518E-03 -114193.5 50.9229 50.9229
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26.8986 0.762 1.5518E-03 -105111.5 48.8302 48.8302
27.6606 0.762 1.5518E-03 -97800.35 43.7501 50.5501
28.4226 0.762 1.5518E-03 -92286.6 40.5900 53.5301
29.1846 0.762 1.5518E-03 -88583.4 38.0900 55.5701
29.9466 0.762 1.5518E-03 -86698.5 36.6500 56.5301
30.7086 0.762 1.5518E-03 -86636.2 36.6900 56.5001
31.4706 0.762 1.5518E-03 -88396.2 38.1900 55.4601
32.2326 0.762 1.5518E-03 -91973.75 40.6900 53.3701
32.9946 0.762 1.5518E-03 -97360 44.0500 50.2601
33.7566 0.762 1.5518E-03 -104542 48.6000 48.6000
34.5186 0.762 1.5518E-03 -113501.5 52.8503 52.8503
35.2806 0.762 1.5518E-03 -124231 62.0007 62.0007
36.0426 0.762 1.5518E-03 -136563.5 62.1108 62.1108
36.8046 0.762 1.5518E-03 -151685 119.0342 119.0342
37.5666 0.762 2.0268E-03 -167125 119.1300 119.1300
38.3286 0.762 2.0268E-03 -184255 142.6865 142.6865
39.0906 0.762 2.0268E-03 -209016.5 177.0683 177.0683
39.8526 0.762 2.0268E-03 -202028.5 177.4627 177.4627
40.6146 0.762 2.0268E-03 -175016.5 158.7562 158.7562
41.3766 0.762 2.0268E-03 -156275.5 102.0407 102.0407
42.1386 0.762 2.0268E-03 -138673 101.7451 101.7451
42.9006 0.762 2.0268E-03 -121850.5 83.2511 83.2511
43.6626 0.762 1.5518E-03 -108753 82.5708 82.5708
44.4246 0.762 1.5518E-03 -96831.85 62.0523 62.0523
45.1866 0.762 1.5518E-03 -86954.5 60.3301 60.3301
45.9486 0.762 1.5518E-03 -79052.8 54.5801 54.5801
46.7106 0.762 1.5518E-03 -73146.8 51.1600 53.0101
47.4726 0.762 1.5518E-03 -69247.5 48.4500 55.1401
48.2346 0.762 1.5518E-03 -67361.15 46.9300 56.0901
48.9966 0.762 1.5518E-03 -67491.25 47.1900 55.9601
49.7586 0.762 1.5518E-03 -69636.65 48.9300 54.7301
50.5206 0.762 1.5518E-03 -73794.1 52.0201 52.2701
51.2826 0.762 1.5518E-03 -79953.85 55.2204 55.2204
52.0446 0.762 1.5518E-03 -88105.15 62.6756 62.6756
52.8066 0.762 1.5518E-03 -98275.85 62.8446 62.8446
53.5686 0.762 1.5518E-03 -109942 80.7085 80.7085
54.3306 0.762 1.5518E-03 -127680.5 145.9711 145.9711
55.0926 0.762 1.5518E-03 -114780.5 146.0672 146.0672
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55.8546 0.762 1.5518E-03 -88189.4 98.5308 98.5308
56.6166 0.762 1.5518E-03 -68329 67.0698 67.0698
57.3786 0.762 1.5518E-03 -50068.9 66.5663 66.5663
58.1406 0.762 1.5518E-03 -34008.55 53.8304 59.2600
58.9026 0.762 1.5518E-03 -20112.45 46.0702 66.3601
59.6646 0.762 1.5518E-03 -8397.15 38.2300 72.5301
60.4266 0.762 1.5518E-03 1122.4 31.9501 77.5701
61.1886 0.762 1.5518E-03 8437.95 26.4101 80.3901
61.9506 0.762 1.5518E-03 13574.7 21.1800 82.1801
62.7126 0.762 1.5518E-03 16560.5 18.2501 83.7201
63.4746 0.762 1.5518E-03 17393.1 17.2701 84.1401
64.2366 0.762 1.5518E-03 16074.15 20.0628 82.9700
64.9986 0.762 1.5518E-03 12599 20.0422 83.1432
65.7606 0.762 1.5518E-03 6971.75 42.3634 73.2047
66.5226 0.762 1.5518E-03 -613.41 41.3613 94.7767
67.2846 0.762 1.5518E-03 -13828.7 50.0550 70.3475
68.0466 0.762 1.5518E-03 -34367.9 52.4590 52.4590
68.8086 0.762 1.5518E-03 -56668.95 30.1022 30.1022
69.5706 0.762 1.5518E-03 -78810.85 65.8927 65.8927
70.3326 0.762 1.5518E-03 -108692 113.8523 113.8523
71.0946 0.762 1.5518E-03 -94462.7 113.6089 113.6089
71.8566 0.762 1.5518E-03 -65470.2 71.0708 71.0708
72.6186 0.762 1.5518E-03 -52303.1 59.0188 59.0188
73.3806 0.762 1.5518E-03 -38620.15 55.4731 55.4731
74.1426 0.762 1.5518E-03 -26098.55 53.2620 53.2620
74.9046 0.762 1.5518E-03 -13552.1 329.9008 329.9008
75.6666 0.762 1.5518E-03 -3009.85 379.2300 705.1072
76.4286 0.381 1.5518E-03 372.08 417.1254 417.1254
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0.6096 0.381 2.0268E-03 -116280 276.7485 276.7485
0.9906 0.762 2.0268E-03 -96765.15 95.4648 95.4648
1.7526 0.762 2.0268E-03 -82952.1 29.9800 78.8386
2.5146 0.762 2.0268E-03 -69579.55 16.9611 79.9680
3.2766 0.762 2.0268E-03 -57741.3 23.7267 90.6727
4.0386 0.762 2.0268E-03 -47401.2 31.4500 97.3705
4.8006 0.762 2.0268E-03 -38564.8 37.5702 103.7000
5.5626 0.762 2.0268E-03 -31258.55 42.6701 108.8001
6.3246 0.762 2.0268E-03 -25493.9 46.5401 112.7000
7.0866 0.762 2.0268E-03 -21283 49.2001 115.6000
7.8486 0.762 2.0268E-03 -18633.7 50.6101 117.3000
8.6106 0.762 2.0268E-03 -17550.6 50.7801 117.9000
9.3726 0.762 2.0268E-03 -18035.25 50.7601 117.5000
10.1346 0.762 2.0268E-03 -20085.75 49.6301 116.0000
10.8966 0.762 2.0268E-03 -23696.85 47.2501 113.3000
11.6586 0.762 2.0268E-03 -28860.65 43.6501 109.6000
12.4206 0.762 2.0268E-03 -35565.25 38.8501 104.7000
13.1826 0.762 2.0268E-03 -43796.35 32.8801 98.7700
13.9446 0.762 2.0268E-03 -53535.85 25.8101 91.6700
14.7066 0.762 2.0268E-03 -64763.2 17.6501 83.4400
15.4686 0.762 2.0268E-03 -77454.3 8.5322 73.9900
16.2306 0.762 2.0268E-03 -91583.25 11.4005 63.7001
16.9926 0.762 2.0268E-03 -107119 25.8107 50.8500
17.7546 0.762 2.0268E-03 -124016.5 26.7582 42.6309
18.5166 0.762 2.0268E-03 -142426 88.0744 88.0744
19.2786 0.762 2.0268E-03 -160465.5 88.5194 88.5194
20.0406 0.762 2.0268E-03 -180771.5 111.1365 111.1365
20.8026 0.762 2.0268E-03 -207623.5 143.4149 143.4149
21.5646 0.762 2.0268E-03 -206543.5 143.7132 143.7132
22.3266 0.762 2.0268E-03 -183532 121.1500 121.1500
23.0886 0.762 2.0268E-03 -167618 71.9297 71.9297
23.8506 0.762 2.0268E-03 -152328.5 71.8154 71.8154
24.6126 0.762 2.0268E-03 -136876.5 68.6410 68.6410
25.3746 0.762 1.5518E-03 -125139.5 67.8507 67.8507
26.1366 0.762 1.5518E-03 -114193.5 50.9229 50.9229
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26.8986 0.762 1.5518E-03 -105111.5 48.8302 48.8302
27.6606 0.762 1.5518E-03 -97800.35 43.7501 50.5501
28.4226 0.762 1.5518E-03 -92286.6 40.5900 53.5301
29.1846 0.762 1.5518E-03 -88583.4 38.0900 55.5701
29.9466 0.762 1.5518E-03 -86698.55 36.6500 56.5301
30.7086 0.762 1.5518E-03 -86636.25 36.6900 56.5001
31.4706 0.762 1.5518E-03 -88396.25 38.1900 55.4601
32.2326 0.762 1.5518E-03 -91973.75 40.6900 53.3701
32.9946 0.762 1.5518E-03 -97360 44.0500 50.2601
33.7566 0.762 1.5518E-03 -104542 48.6000 48.6000
34.5186 0.762 1.5518E-03 -113501.5 52.8503 52.8503
35.2806 0.762 1.5518E-03 -124231 62.0007 62.0007
36.0426 0.762 1.5518E-03 -136563.5 62.1108 62.1108
36.8046 0.762 1.5518E-03 -151684.5 119.0342 119.0342
37.5666 0.762 2.0268E-03 -167125 119.1300 119.1300
38.3286 0.762 2.0268E-03 -184254.5 142.6865 142.6865
39.0906 0.762 2.0268E-03 -209016.5 177.0683 177.0683
39.8526 0.762 2.0268E-03 -202028.5 177.4627 177.4627
40.6146 0.762 2.0268E-03 -175016.5 158.7562 158.7562
41.3766 0.762 2.0268E-03 -156275.5 102.0407 102.0407
42.1386 0.762 2.0268E-03 -138672.5 101.7451 101.7451
42.9006 0.762 2.0268E-03 -121850.5 83.2511 83.2511
43.6626 0.762 1.5518E-03 -108753 82.5708 82.5708
44.4246 0.762 1.5518E-03 -96831.85 62.0523 62.0523
45.1866 0.762 1.5518E-03 -86954.5 60.3301 60.3301
45.9486 0.762 1.5518E-03 -79052.85 54.5801 54.5801
46.7106 0.762 1.5518E-03 -73146.8 51.1600 53.0101
47.4726 0.762 1.5518E-03 -69247.5 48.4500 55.1401
48.2346 0.762 1.5518E-03 -67361.2 46.9300 56.0901
48.9966 0.762 1.5518E-03 -67491.25 47.1900 55.9601
49.7586 0.762 1.5518E-03 -69636.65 48.9300 54.7301
50.5206 0.762 1.5518E-03 -73794.1 52.0201 52.2701
51.2826 0.762 1.5518E-03 -79953.85 55.2204 55.2204
52.0446 0.762 1.5518E-03 -88105.15 62.6756 62.6756
52.8066 0.762 1.5518E-03 -98275.85 62.8446 62.8446
53.5686 0.762 1.5518E-03 -109942 80.7085 80.7085
54.3306 0.762 1.5518E-03 -127680.5 145.9711 145.9711
55.0926 0.762 1.5518E-03 -114780 146.0672 146.0672
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55.8546 0.762 1.5518E-03 -88189.35 98.5308 98.5308
56.6166 0.762 1.5518E-03 -68329 67.0698 67.0698
57.3786 0.762 1.5518E-03 -50068.9 66.5663 66.5663
58.1406 0.762 1.5518E-03 -34008.55 53.8304 59.2600
58.9026 0.762 1.5518E-03 -20112.45 46.0702 66.3601
59.6646 0.762 1.5518E-03 -8397.25 38.2300 72.5301
60.4266 0.762 1.5518E-03 1122.4 31.9501 77.5701
61.1886 0.762 1.5518E-03 8437.95 26.4101 80.3901
61.9506 0.762 1.5518E-03 13574.6 21.1800 82.1801
62.7126 0.762 1.5518E-03 16560.5 18.2501 83.7201
63.4746 0.762 1.5518E-03 17393.1 17.2701 84.1401
64.2366 0.762 1.5518E-03 16074.1 20.0628 82.9700
64.9986 0.762 1.5518E-03 12598.95 20.0422 83.1432
65.7606 0.762 1.5518E-03 6971.75 42.3634 73.2047
66.5226 0.762 1.5518E-03 -613.425 41.3613 94.7767
67.2846 0.762 1.5518E-03 -13828.75 50.0550 70.3475
68.0466 0.762 1.5518E-03 -34367.9 52.4590 52.4590
68.8086 0.762 1.5518E-03 -56668.95 30.1022 30.1022
69.5706 0.762 1.5518E-03 -78810.8 65.8927 65.8927
70.3326 0.762 1.5518E-03 -108692 113.8523 113.8523
71.0946 0.762 1.5518E-03 -94462.7 113.6089 113.6089
71.8566 0.762 1.5518E-03 -65470.15 71.0708 71.0708
72.6186 0.762 1.5518E-03 -52303.05 59.0188 59.0188
73.3806 0.762 1.5518E-03 -38620.15 55.4731 55.4731
74.1426 0.762 1.5518E-03 -26098.5 53.2620 53.2620
74.9046 0.762 1.5518E-03 -13552.1 329.9008 329.9008
75.6666 0.762 1.5518E-03 -3009.85 379.2300 705.1072
76.4286 0.381 1.5518E-03 372.08 417.1254 417.1254
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Wind Load All Legs Distributed Horizontal 510 N/m
Cable 1 
(Bottom Most) Distributed Horizontal 33.8 N/m
Cable 2 Distributed Horizontal 39.5 N/m
Cable 3 Distributed Horizontal 44.0 N/m
Cable 4 Distributed Horizontal 49.0 N/m
Cable 5 
(Top Most) Distributed Horizontal 55.0 N/m
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3.3506 1.4167 3.8320E-03 -522860 2191.6654 2191.6654
4.2136 1.4167 3.8320E-03 -543420 679.0530 679.0530
5.0767 1.4167 3.8320E-03 -567770 161.5724 161.5724
5.9397 1.4167 3.8320E-03 -589760 160.8213 161.9751
6.8027 1.4167 3.8320E-03 -609940 134.8945 134.8945
7.6658 1.4167 3.8320E-03 -628370 154.5462 154.5462
8.5288 1.4167 3.8320E-03 -644940 160.9864 160.9864
9.3918 1.4167 3.8320E-03 -659660 169.6166 169.6166
10.2549 1.4167 3.8320E-03 -672500 176.5417 176.5417
11.1179 1.4167 3.8320E-03 -683430 182.6700 182.6700
11.9809 1.4167 3.8320E-03 -692440 187.8980 187.8980
12.8440 1.4167 3.8320E-03 -699530 192.0256 192.0256
13.7070 1.4167 3.8320E-03 -704660 195.1545 195.1545
14.5700 1.4167 3.8320E-03 -707850 197.2827 197.2827
15.4331 1.4167 3.8320E-03 -709080 198.4113 198.4113
16.2961 1.4167 3.8320E-03 -708350 198.4400 198.4400
17.1591 1.4167 3.8320E-03 -705670 197.4685 197.4685
18.0222 1.4167 3.8320E-03 -701040 195.5974 195.5974
18.8852 1.4167 3.8320E-03 -694460 192.5280 192.5280
19.7482 1.4167 3.8320E-03 -685960 188.6580 188.6580
20.6113 1.4167 3.8320E-03 -675540 183.3967 183.3967
21.4743 1.4167 3.8320E-03 -663220 178.2866 178.2866
22.3373 1.4167 3.8320E-03 -649030 169.4707 169.4707
23.2004 1.4167 3.8320E-03 -632910 163.1650 163.1650
24.0634 1.4167 3.8320E-03 -615570 114.0338 114.0338
24.9264 1.4167 3.8320E-03 -598290 118.2908 118.2908
25.7895 1.4167 3.8320E-03 -577100 138.0427 139.4641
26.6525 1.4167 3.8320E-03 -554880 103.2263 103.2263
27.5155 1.4167 3.8320E-03 -530840 99.7410 99.7410
28.3786 1.4167 3.8320E-03 -505210 82.6365 82.6365
29.2416 1.4167 3.8320E-03 -477900 78.1029 78.1029
30.1046 1.4167 3.8320E-03 -449400 44.6092 47.1326
30.9677 1.4167 3.8320E-03 -418130 50.7850 50.7850
31.8307 1.4167 3.8320E-03 -386670 26.9412 27.5164
32.6937 1.4167 3.8320E-03 -353460 48.3333 48.3333
33.5568 1.4167 3.8320E-03 -319650 53.7808 53.7808
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34.4198 1.4167 3.8320E-03 -280750 197.9001 197.9001
35.2828 1.4167 3.8320E-03 -257360 284.9022 284.9022
36.1459 1.4167 3.8320E-03 -206270 774.6316 774.6316
37.0089 1.4167 3.8320E-03 -210160 271.3039 271.3039
37.8719 1.4167 3.8320E-03 -227940 224.4047 224.4047
38.7350 1.4167 3.8320E-03 -241690 35.5912 35.5912
39.5980 1.4167 3.8320E-03 -254590 84.8400 84.8400
40.4610 1.4167 3.8320E-03 -266220 65.1700 65.1700
41.3241 1.4167 3.8320E-03 -276590 62.9817 62.9817
42.1871 1.4167 3.8320E-03 -285460 59.0870 59.0870
43.0501 1.4167 3.8320E-03 -294210 71.7342 71.7342
43.9132 1.4167 3.8320E-03 -300500 42.2772 42.2772
44.7762 1.4167 3.8320E-03 -305700 50.9128 50.9128
45.6392 1.4167 3.8320E-03 -309500 45.2100 45.2100
46.5023 1.4167 3.8320E-03 -311970 44.9002 44.9002
47.3653 1.4167 3.8320E-03 -313090 43.7402 43.7402
48.2283 1.4167 3.8320E-03 -312860 43.5203 43.5203
49.0914 1.4167 3.8320E-03 -311270 43.7504 43.7504
49.9544 1.4167 3.8320E-03 -308340 44.5605 44.5605
50.8174 1.4167 3.8320E-03 -304050 45.9305 45.9305
51.6805 1.4167 3.8320E-03 -298420 47.8406 47.8406
52.5435 1.4167 3.8320E-03 -291460 50.3208 50.3208
53.4065 1.4167 3.8320E-03 -283170 53.3509 53.3509
54.2696 1.4167 3.8320E-03 -273570 56.9510 56.9510
55.1326 1.4167 3.8320E-03 -262670 61.1011 61.1011
55.9956 1.4167 3.8320E-03 -250480 65.8412 65.8412
56.8587 1.4167 3.8320E-03 -237020 71.0513 71.0513
57.7217 1.4167 3.8320E-03 -222300 77.1313 77.1313
58.5847 1.4167 3.8320E-03 -206370 82.8819 82.8819
59.4478 1.4167 3.8320E-03 -189160 91.5803 91.5803
60.3108 1.4167 3.8320E-03 -171010 96.0848 96.0848
61.1738 1.4167 3.8320E-03 -151010 131.4606 131.4606
62.0369 1.4167 3.8320E-03 -128260 243.7175 243.7175
62.8999 1.4167 3.8320E-03 -118450 263.2001 263.2001
63.7629 1.4167 3.8320E-03 -49792 926.7004 926.7004
64.6260 1.4167 3.8320E-03 -68622 278.7014 278.7014
65.4890 1.4167 3.8320E-03 -101200 268.5009 268.5009
66.3520 1.4167 3.8320E-03 -129650 75.3250 75.3250
67.2151 1.4167 4.5604E-03 -157910 71.6946 71.6946
68.0781 1.4167 4.5604E-03 -184270 103.1237 103.1237
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68.9411 1.4167 4.5604E-03 -209380 80.7314 80.7314
69.8042 1.4167 4.5604E-03 -233190 70.1344 70.1344
70.6672 1.4167 4.5604E-03 -255660 57.7139 57.7139
71.5302 1.4167 4.5604E-03 -276790 46.7746 46.7746
72.3933 1.4167 4.5604E-03 -296540 36.3752 36.3752
73.2563 1.4167 4.5604E-03 -314890 32.6832 32.6832
74.1193 1.4167 4.5604E-03 -331830 42.0921 42.0921
74.9824 1.4167 4.5604E-03 -347340 50.5916 50.5916
75.8454 1.4167 4.5604E-03 -361400 58.9210 58.9210
76.7084 1.4167 4.5604E-03 -374010 64.6218 64.6218
77.5715 1.4167 4.5604E-03 -385080 74.6005 74.6005
78.4345 1.4167 4.5604E-03 -394900 72.4091 72.4091
79.2975 1.4167 3.8320E-03 -402470 68.2831 68.2831
80.1606 1.4167 3.8320E-03 -409290 77.7322 77.7322
81.0236 1.4167 3.8320E-03 -414440 80.1509 80.1509
81.8866 1.4167 3.8320E-03 -418070 81.8001 81.8001
82.7497 1.4167 3.8320E-03 -420150 83.0902 83.0902
83.6127 1.4167 3.8320E-03 -420690 83.4901 83.4901
84.4757 1.4167 3.8320E-03 -419670 83.2001 83.2001
85.3388 1.4167 3.8320E-03 -417110 82.1701 82.1701
86.2018 1.4167 3.8320E-03 -413010 80.4101 80.4101
87.0648 1.4167 3.8320E-03 -407360 77.9301 77.9301
87.9279 1.4167 3.8320E-03 -400180 74.7301 74.7301
88.7909 1.4167 3.8320E-03 -391470 70.8201 70.8201
89.6539 1.4167 3.8320E-03 -381250 66.2101 66.2101
90.5170 1.4167 3.8320E-03 -369530 60.9101 60.9101
91.3800 1.4167 3.8320E-03 -356320 54.9401 54.9401
92.2430 1.4167 3.8320E-03 -341630 48.3101 48.3101
93.1061 1.4167 3.8320E-03 -325480 41.0202 41.0202
93.9691 1.4167 3.8320E-03 -307900 33.1202 33.1202
94.8321 1.4167 3.8320E-03 -288900 27.2113 27.2113
95.6952 1.4167 3.8320E-03 -268510 35.0811 35.0811
96.5582 1.4167 3.8320E-03 -246740 43.6009 43.6009
97.4212 1.4167 3.8320E-03 -223620 52.7708 52.7708
98.2843 1.4167 3.8320E-03 -199180 62.5908 62.5908
99.1473 1.4167 3.8320E-03 -173450 73.1107 73.1107
100.0103 1.4167 3.8320E-03 -146460 84.1807 84.1807
100.8734 1.4167 3.8320E-03 -118230 96.3806 96.3806
101.7364 1.4167 3.8320E-03 -88807 107.6008 107.6008
102.5994 1.4167 3.8320E-03 -58157 125.3002 125.3002
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103.4625 1.4167 3.8320E-03 -26609 124.1079 124.1079
104.3255 1.4167 3.8320E-03 6754 193.5696 193.5696
105.1885 1.4167 3.8320E-03 40580 168.1095 168.1095
106.0516 1.4167 3.8320E-03 74884 175.7074 175.7074
106.9146 1.4167 3.8320E-03 113610 326.2233 326.2233
107.7776 1.4167 3.8320E-03 137940 328.6665 328.6665
108.6407 1.4167 3.8320E-03 268870 1021.6800 1021.6800
109.5037 1.4167 3.8320E-03 244940 204.9418 204.9418
110.3667 1.4167 2.5652E-03 193760 632.8677 632.8677
111.2298 1.4167 2.5652E-03 154560 112.5960 112.5960
112.0928 1.4167 2.5652E-03 116900 159.8027 159.8027
112.9558 1.4167 2.5652E-03 80062 126.8751 126.8751
113.8189 1.4167 2.5652E-03 44248 118.4016 118.4016
114.6819 1.4167 2.5652E-03 9481 105.4157 105.4157
115.5449 1.4167 2.5652E-03 -24185 94.4005 94.4005
116.4080 1.4167 2.5652E-03 -56705 83.7621 83.7621
117.2710 1.4167 2.5652E-03 -88030 73.8664 73.8664
118.1340 1.4167 2.5652E-03 -118120 64.6157 64.6157
118.9971 1.4167 2.5652E-03 -146930 56.0012 56.0012
119.8601 1.4167 2.5652E-03 -174420 48.0254 48.0254
120.7231 1.4167 2.5652E-03 -200550 40.6515 40.6515
121.5862 1.4167 2.5652E-03 -225290 33.8648 33.8648
122.4492 1.4167 2.5652E-03 -248600 33.9837 33.9837
123.3122 1.4167 2.5652E-03 -270450 41.3733 41.3733
124.1753 1.4167 2.5652E-03 -290810 48.3742 48.3742
125.0383 1.4167 2.5652E-03 -309650 54.9621 54.9621
125.9013 1.4167 2.5652E-03 -326950 61.0945 61.0945
126.7644 1.4167 2.5652E-03 -342690 66.7500 66.7500
127.6274 1.4167 2.5652E-03 -356840 71.9078 71.9078
128.4904 1.4167 2.5652E-03 -369380 76.5374 76.5374
129.3535 1.4167 2.5652E-03 -380290 80.6384 80.6384
130.2165 1.4167 2.5652E-03 -389580 84.1807 84.1807
131.0795 1.4167 2.5652E-03 -397210 87.1540 87.1540
131.9426 1.4167 2.5652E-03 -403180 89.5383 89.5383
132.8056 1.4167 2.5652E-03 -407490 91.3236 91.3236
133.6686 1.4167 2.5652E-03 -410120 92.5200 92.5200
134.5317 1.4167 2.5652E-03 -411080 93.0974 93.0974
135.3947 1.4167 2.5652E-03 -410360 93.0858 93.0858
136.2577 1.4167 2.5652E-03 -407970 92.4362 92.4362
137.1208 1.4167 2.5652E-03 -403910 91.3055 91.3055
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137.9838 1.4167 2.5652E-03 -398190 89.1562 89.1562
138.8468 1.4167 2.5652E-03 -390810 87.8082 87.8082
139.7099 1.4167 2.5652E-03 -381780 81.4083 81.4083
140.5729 1.4167 2.5652E-03 -371080 88.6961 88.6961
141.4359 1.4167 2.5652E-03 -359040 50.7158 54.3318
142.2990 1.4167 2.5652E-03 -343990 154.4020 154.4020
143.1620 1.4167 2.5652E-03 -333560 172.6224 172.6224
144.0250 1.4167 2.5652E-03 -236180 363.6184 363.6184
144.8881 1.4167 2.5652E-03 -239890 125.5410 136.0298
145.7511 1.4167 2.5652E-03 -247780 64.1212 64.1212
146.6141 1.4167 2.5652E-03 -252980 64.3121 64.3121
147.4772 1.4167 2.5652E-03 -256910 56.0854 56.0854
148.3402 1.4167 2.5652E-03 -259300 60.0583 60.0583
149.2032 1.4167 2.5652E-03 -260180 59.6875 59.6875
150.0663 1.4167 2.5652E-03 -259570 59.9610 59.9610
150.9293 1.4167 2.5652E-03 -257440 59.4045 59.4045
151.7923 1.4167 2.5652E-03 -253810 58.4558 58.4558
152.6554 1.4167 2.5652E-03 -248690 56.9739 56.9739
153.5184 1.4167 2.5652E-03 -242070 55.0180 55.0180
154.3814 1.4167 2.5652E-03 -233960 52.5899 52.5899
155.2445 1.4167 2.5652E-03 -224370 49.6925 49.6925
156.1075 1.4167 2.5652E-03 -213320 46.3490 46.3490
156.9705 1.4167 2.5652E-03 -200800 42.5748 42.5748
157.8336 1.4167 2.5652E-03 -186840 . 38.3886 38.3886
158.6966 1.4167 2.5652E-03 -171450 33.8247 33.8247
159.5596 1.4167 2.5652E-03 -154630 28.9118 28.9118
160.4227 1.4167 2.5652E-03 -136420 32.1927 32.1927
161.2857 1.4167 2.5652E-03 -116820 36.9229 36.9229
162.1487 1.4167 2.5652E-03 -95839 42.5451 42.5451
163.0118 1.4167 2.5652E-03 -73566 47.5537 47.5537
163.8748 1.4167 2.5652E-03 -49731 55.9523 55.9523
164.7378 1.4167 3.8320E-03 -25552 63.8013 63.8013
165.6009 1.4167 3.8320E-03 1010 81.1478 81.1478
166.4639 1.4167 3.8320E-03 28676 96.7922 96.7922
167.3269 1.4167 3.8320E-03 57677 107.0649 107.0649
168.1900 1.4167 3.8320E-03 87945 121.0254 121.0254
169.0530 1.4167 3.8320E-03 119470 134.8475 134.8475
169.9160 1.4167 3.8320E-03 152230 149.7201 149.7201
170.7791 1.4167 3.8320E-03 186210 165.3094 165.3094
171.6421 1.4167 3.8320E-03 221380 181.7067 181.7067
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172.5051 1.4167 3.8320E-03 257730 198.8310 198.8310
173.3682 1.4167 3.8320E-03 295240 217.2453 217.2453
174.2312 1.4167 3.8320E-03 333860 235.1732 235.1732
175.0942 1.4167 3.8320E-03 373760 254.8541 254.8541
175.9573 1.4167 3.8320E-03 412990 465.0778 465.0778
176.8203 1.4167 3.8320E-03 435190 826.8921 826.8921
177.6833 1.4167 3.8320E-03 478870 354.2987 354.2987
178.5464 1.4167 3.8320E-03 522450 297.5721 297.5721
179.4094 1.4167 3.8320E-03 567240 873.8068 873.8068
180.2724 1.4167 3.8320E-03 594900 4667.0051 4667.0051
181.1355 1.4167 3.8320E-03 893370 1810.0033 1810.0033
181.9985 1.4167 3.8320E-03 840970 435.1015 435.1015
182.8615 1.4167 3.8320E-03 793300 435.5039 435.5039
183.7246 1.4167 4.5604E-03 746860 468.4041 468.4041
184.5876 1.4167 4.5604E-03 701910 428.0034 428.0034
185.4506 1.4167 4.5604E-03 658350 401.1032 401.1032
186.3137 1.4167 4.5604E-03 616180 374.8030 374.8030
187.1767 1.4167 4.5604E-03 575420 349.3028 349.3028
188.0397 1.4167 4.5604E-03 536050 324.9026 324.9026
188.9028 1.4167 4.5604E-03 498100 301.3024 301.3024
189.7658 1.4167 4.5604E-03 461570 280.2023 280.2023
190.6288 1.4167 3.1669E-03 426380 363.7031 363.7031
191.4919 1.4167 3.1669E-03 392700 189.4023 189.4023
192.3549 1.4167 3.1669E-03 360240 165.2018 165.2018
193.2179 1.4167 3.1669E-03 329170 150.6016 150.6016
194.0810 1.4167 3.1669E-03 299510 136.8015 136.8015
194.9440 1.4167 3.1669E-03 271380 132.6018 132.6018
195.8070 1.4167 2.0268E-03 244480 78.9311 78.9311
196.6701 1.4167 2.0268E-03 218940 75.2512 75.2512
197.5331 1.4167 2.0268E-03 194830 67.6011 67.6011
198.3961 1.4167 2.0268E-03 172120 59.9710 59.9710
199.2592 1.4167 2.0268E-03 150830 52.8508 52.8508
200.1222 1.4167 2.0268E-03 130940 45.7207 45.7207
200.9852 1.4167 2.0268E-03 112400 64.2101 64.2101
201.8483 1.4167 2.0268E-03 95391 24.0204 24.0204
202.7113 1.4167 2.0268E-03 79687 27.2604 27.2604
203.5743 1.4167 2.0268E-03 65404 23.1503 23.1503
204.4374 1.4167 2.0268E-03 52532 18.9702 18.9702
205.3004 1.4167 2.0268E-03 41071 15.2302 15.2302
206.1634 1.4167 2.0268E-03 31021 11.9601 11.9601
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207.0265 1.4167 2.0268E-03 22382 9.1461 9.1461
207.8895 1.4167 2.0268E-03 15155 6.8920 6.8920
208.7525 1.4167 2. 0268E-03 9310 5.5440 6.2600
209.6156 1.4167 2.0268E-03 4874 4.5040 7.2980
210.4786 1.4167 2.0268E-03 1849 3.7000 7.9030
211.3416 1.4167 2.0268E-03 226.5 5.1781 7.8910
211.7732 1.4167 2.0268E-03 -32.17 4.8181 11.1300
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3.3506 1.4167 3.8320E-03 -344100 1379.7537 1379.7537
4.2136 1.4167 3.8320E-03 -326480 669.0231 669.0231
5.0767 1.4167 3.8320E-03 -314270 195.8254 196.8371
5.9397 1.4167 3.8320E-03 -301700 132.6186 132.6186
6.8027 1.4167 3.8320E-03 -290080 147.0252 147.0252
7.6658 1.4167 3.8320E-03 -279380 154.9476 154.9476
8.5288 1.4167 3.8320E-03 -269570 163.3130 163.3130
9.3918 1.4167 3.8320E-03 -260690 170.6144 170.6144
10.2549 1.4167 3.8320E-03 -252750 177.0110 177.0110
11.1179 1.4167 3.8320E-03 -245780 182.5090 182.5090
11.9809 1.4167 3.8320E-03 -239780 187.1071 187.1071
12.8440 . 1.4167 3.8320E-03 -234780 190.9056 190.9056
13.7070 1.4167 3.8320E-03 -230780 193.7043 193.7043
14.5700 1.4167 3.8320E-03 -227780 195.6033 195.6033
15.4331 1.4167 3.8320E-03 -225810 196.6024 196.6024
16.2961 1.4167 3.8320E-03 -224850 196.8017 196.8017
17.1591 1.4167 3.8320E-03 -224920 196.0012 196.0012
18.0222 1.4167 3.8320E-03 -226010 194.3007 194.3007
18.8852 1.4167 3.8320E-03 -228120 191.7005 191.7005
19.7482 1.4167 3.8320E-03 -231250 188.2002 188.2002
20.6113 1.4167 3.8320E-03 -235380 183.7002 183.7002
21.4743 1.4167 3.8320E-03 -240510 179.0004 179.0004
22.3373 1.4167 3.8320E-03 -246620 169.8036 169.8036
23.2004 1.4167 3.8320E-03 -253720 178.0213 178.0213
24.0634 1.4167 3.8320E-03 -261770 118.2106 118.9916
24.9264 1.4167 3.8320E-03 -273560 101.4889 101.4889
25.7895 1.4167 3.8320E-03 -283090 127.4174 127.4174
26.6525 1.4167 3.8320E-03 -294000 104.7076 104.7076
27.5155 1.4167 3.8320E-03 -305670 94.5703 94.5703
28.3786 1.4167 3.8320E-03 -318170 82.7800 82.7800
29.2416 1.4167 3.8320E-03 -331430 75.1350 75.1350
30.1046 1.4167 3.8320E-03 -345690 38.3526 40.9236
30.9677 1.4167 3.8320E-03 -359500 53.2486 53.2486
31.8307 1.4167 3.8320E-03 -375270 38.7522 38.7522
32.6937 1.4167 3.8320E-03 -391290 30.9675 30.9675
33.5568 1.4167 3.8320E-03 -408650 74.3312 74.3312
34.4198 1.4167 3.8320E-03 -424010 78.7679 78.7679
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35.2828 1.4167 3.8320E-03 -451190 280.3190 280.3190
36.1459 1.4167 3.8320E-03 -444130 158.7484 158.7484
37.0089 1.4167 3.8320E-03 -427290 317.7982 317.7982
37.8719 1.4167 3.8320E-03 -420560 45.6107 45.6107
38.7350 1.4167 3.8320E-03 -412550 106.4478 106.4478
39.5980 1.4167 3.8320E-03 -405490 64.7399 64.7399
40.4610 1.4167 3.8320E-03 -399010 68.2043 68.2043
41.3241 1.4167 3.8320E-03 -393250 63.1116 63.1116
42.1871 1.4167 3.8320E-03 -387840 55.6732 55.6732
43.0501 1.4167 3.8320E-03 -384410 61.6021 61.6021
43.9132 1.4167 3.8320E-03 -380390 50.0267 50.0267
44.7762 1.4167 3.8320E-03 -377260 47.5598 47.5598
45.6392 1.4167 3.8320E-03 -374760 46.1209 46.1209
46.5023 1.4167 3.8320E-03 -372960 44.5006 44.5006
47.3653 1.4167 3.8320E-03 -371830 43.7402 43.7402
48.2283 1.4167 3.8320E-03 -371380 43.4204 43.4204
49.0914 1.4167 3.8320E-03 -371620 43.6804 43.6804
49.9544 1.4167 3.8320E-03 -372540 44.4705 44.4705
50.8174 1.4167 3.8320E-03 -374130 45.8106 45.8106
51.6805 1.4167 3.8320E-03 -376400 47.6908 47.6908
52.5435 1.4167 3.8320E-03 -379340 50.1109 50.1109
53.4065 1.4167 3.8320E-03 -382950 53.0610 53.0610
54.2696 1.4167 3.8320E-03 -387210 56.5412 56.5412
55.1326 1.4167 3.8320E-03 -392130 60.5313 60.5313
55.9956 1.4167 3.8320E-03 -397700 65.0315 65.0315
56.8587 1.4167 3.8320E-03 -403900 70.0217 70.0217
57.7217 1.4167 3.8320E-03 -410730 75.5617 75.5617
58.5847 1.4167 3.8320E-03 -418180 81.0218 81.0218
59.4478 1.4167 3.8320E-03 -426210 90.5337 90.5337
60.3108 1.4167 3.8320E-03 -435000 84.0169 84.0169
61.1738 1.4167 3.8320E-03 -443360 169.5253 169.5253
62.0369 1.4167 3.8320E-03 -451840 125.4641 125.4641
62.8999 1.4167 3.8320E-03 -469670 317.5714 317.5714
63.7629 1.4167 3.8320E-03 -446390 171.5521 171.5521
64.6260 1.4167 3.8320E-03 -422170 335.9764 335.9764
65.4890 1.4167 3.8320E-03 -408110 57.7627 57.7627
66.3520 1.4167 3.8320E-03 -392640 137.2968 137.2968
67.2151 1.4167 4.5604E-03 -378760 56.9366 56.9366
68.0781 1.4167 4.5604E-03 -364670 106.2788 106.2788
68.9411 1.4167 4.5604E-03 -351460 78.7493 78.7493
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69.8042 1.4167 4.5604E-03 -338850 69.5009 69.5009
70.6672 1.4167 4.5604E-03 -326930 57.4395 57.4395
71.5302 1.4167 4.5604E-03 -315680 46.5935 46.5935
72.3933 1.4167 4.5604E-03 -305130 36.2854 36.2854
73.2563 1.4167 4.5604E-03 -295280 32.7716 32.7716
74.1193 1.4167 4.5604E-03 -286140 42.0309 42.0309
74.9824 1.4167 4.5604E-03 -277720 50.5606 50.5606
75.8454 1.4167 4.5604E-03 -270030 58.1401 58.1401
76.7084 1.4167 4.5604E-03 -263080 65.2708 65.2708
77.5715 1.4167 4.5604E-03 -256840 71.9500 71.9500
78.4345 1.4167 4.5604E-03 -251490 70.5203 70.5203
79.2975 1.4167 3.8320E-03 -246270 71.8354 71.8354
80.1606 1.4167 3.8320E-03 -242510 76.8262 76.8262
81.0236 1.4167 3.8320E-03 -239370 77.9813 77.9813
81.8866 1.4167 3.8320E-03 -237040 80.2701 80.2701
82.7497 1.4167 3.8320E-03 -235470 81.2301 81.2301
83.6127 1.4167 3.8320E-03 -234690 81.6800 81.6800
84.4757 1.4167 3.8320E-03 -234680 81.3900 81.3900
85.3388 1.4167 3.8320E-03 -235450 80.4300 80.4300
86.2018 1.4167 3.8320E-03 -236980 78.7700 78.7700
87.0648 1.4167 3.8320E-03 -239290 76.4300 76.4300
87.9279 1.4167 3.8320E-03 -242370 73.3901 73.3901
88.7909 1.4167 3.8320E-03 -246210 69.6800 69.6800
89.6539 1.4167 3.8320E-03 -250810 65.2800 65.2800
90.5170 1.4167 3.8320E-03 -256160 60.2000 60.2000
91.3800 1.4167 3.8320E-03 -262250 54.4400 54.4400
92.2430 1.4167 3.8320E-03 -269080 48.0100 48.0100
93.1061 1.4167 3.8320E-03 -276630 40.9100 40.9100
93.9691 1.4167 3.8320E-03 -284900 33.1500 33.1500
94.8321 1.4167 3.8320E-03 -293880 27.0814 27.0814
95.6952 1.4167 3.8320E-03 -303560 35.0413 35.0413
96.5582 1.4167 3.8320E-03 -313920 43.5312 43.5312
97.4212 1.4167 3.8320E-03 -324950 52.5312 52.5312
98.2843 1.4167 3.8320E-03 -336640 62.0212 62.0212
99.1473 1.4167 3.8320E-03 -348970 71.9813 71.9813
100.0103 1.4167 3.8320E-03 -361930 82.3913 82.3913
100.8734 1.4167 3.8320E-03 -375510 93.3017 93.3017
101.7364 1.4167 3.8320E-03 -389680 104.1003 104.1003
102.5994 1.4167 3.8320E-03 -404410 118.2129 118.2129
103.4625 1.4167 3.8320E-03 -419880 118.4270 118.4270
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104.3255 1.4167 3.8320E-03 -434860 188.0071 188.0071
105.1885 1.4167 3.8320E-03 -451370 136.2301 136.2301
106.0516 1.4167 3.8320E-03 -468490 192.2858 192.2858
106.9146 1.4167 3.8320E-03 -484190 193.1165 193.1165
107.7776 1.4167 3.8320E-03 -508810 336.2705 336.2705
108.6407 1.4167 3.8320E-03 -490860 272.5525 272.5525
109.5037 1.4167 3.8320E-03 -459600 327.0845 327.0845
110.3667 1.4167 2.5652E-03 -452700 436.7901 437.3920
111.2298 1.4167 2.5652E-03 -434280 123.9013 123.9013
112.0928 1.4167 2.5652E-03 -414910 117.3279 117.3279
112.9558 1.4167 2.5652E-03 -396100 106.2016 106.2016
113.8189 1.4167 2.5652E-03 -377650 99.7199 99.7199
114.6819 1.4167 2.5652E-03 -359630 91.1567 91.1567
115.5449 1.4167 2.5652E-03 -342070 83.3785 83.3785
116.4080 1.4167 2.5652E-03 -325000 75.4187 75.4187
117.2710 1.4167 2.5652E-03 -308440 67.6195 67.6195
118.1340 1.4167 2.5652E-03 -292420 59.9303 59.9303
118.9971 1.4167 2.5652E-03 -276980 52.3912 52.3912
119.8601 1.4167 2.5652E-03 -262140 45.0322 45.0322
120.7231 1.4167 2.5652E-03 -247930 37.8835 37.8835
121.5862 1.4167 2.5652E-03 -234370 30.9753 30.9753
122.4492 1.4167 2.5652E-03 -221490 37.0475 37.0475
123.3122 1.4167 2.5652E-03 -209300 44.1308 44.1308
124.1753 1.4167 2.5652E-03 -197840 50.7162 50.7162
125.0383 1.4167 2.5652E-03 -187130 56.7828 56.7828
125.9013 1.4167 2.5652E-03 -177170 62.3402 62.3402
126.7644 1.4167 2.5652E-03 -168000 67.3882 67.3882
127.6274 1.4167 2.5652E-03 -159630 71.9366 71.9366
128.4904 1.4167 2.5652E-03 -152070 75.9753 75.9753
129.3535 1.4167 2.5652E-03 -145330 79.5042 79.5042
130.2165 1.4167 2.5652E-03 -139440 82.5333 82.5333
131.0795 1.4167 2.5652E-03 -134410 85.0526 85.0526
131.9426 1.4167 2.5652E-03 -130230 87.0719 87.0719
132.8056 1.4167 2.5652E-03 -126920 88.5914 88.5914
133.6686 1.4167 2.5652E-03 -124490 89.6110 89.6110
134.5317 1.4167 2.5652E-03 -122940 90.1306 90.1306
135.3947 1.4167 2.5652E-03 -122280 90.1404 90.1404
136.2577 1.4167 2.5652E-03 -122500 89.6702 89.6702
137.1208 1.4167 2.5652E-03 -123600 88.6801 88.6801
137.9838 1.4167 2.5652E-03 -125580 87.2200 87.2200
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138.8468 1.4167 2.5652E-03 -128450 85.2100 85.2100
139.7099 1.4167 2.5652E-03 -132190 82.7721 82.7721
140.5729 1.4167 2.5652E-03 -136780 80.0025 80.0025
141.4359 1.4167 2.5652E-03 -142290 74.9074 74.9074
142.2990 1.4167 2.5652E-03 -148320 81.5614 81.5614
143.1620 1.4167 2.5652E-03 -156980 50.7444 53.2272
144.0250 1.4167 2.5652E-03 -131110 84.8652 84.8652
144.8881 1.4167 2.5652E-03 -124590 188.8223 188.8223
145.7511 1.4167 2.5652E-03 -120370 75.9149 76.9615
146.6141 1.4167 2.5652E-03 -116440 54.1463 54.1463
147.4772 1.4167 2.5652E-03 -113400 60.7233 60.7233
148.3402 1.4167 2.5652E-03 -111120 60.4406 60.4406
149.2032 1.4167 2.5652E-03 -109630 61.2201 61.2201
150.0663 1.4167 2.5652E-03 -108930 61.1801 61.1801
150.9293 1.4167 2.5652E-03 -109020 60.7904 60.7904
151.7923 1.4167 2.5652E-03 -109900 59.9208 59.9208
152.6554 1.4167 2.5652E-03 -111560 58.6115 58.6115
153.5184 1.4167 2.5652E-03 -114010 56.8523 56.8523
154.3814 1.4167 2.5652E-03 -117250 54.6433 54.6433
155.2445 1.4167 2.5652E-03 -121270 51.9847 51.9847
156.1075 1.4167 2.5652E-03 -126050 48.8664 48.8664
156.9705 1.4167 2.5652E-03 -131610 45.3087 45.3087
157.8336 1.4167 2.5652E-03 -137920 41.2917 41.2917
158.6966 1.4167 2.5652E-03 -144980 36.8257 36.8257
159.5596 1.4167 2.5652E-03 -152790 31.8921 31.8921
160.4227 1.4167 2.5652E-03 -161320 27.1782 27.1782
161.2857 1.4167 2.5652E-03 -170570 32.1396 32.1396
162.1487 1.4167 2.5652E-03 -180510 37.9604 37.9604
163.0118 1.4167 2.5652E-03 -191190 42.0819 42.0819
163.8748 1.4167 2.5652E-03 -202310 53.7407 53.7407
164.7378 1.4167 3.8320E-03 -215350 42.1642 42.1642
165.6009 1.4167 3.8320E-03 -227720 71.2756 71.2756
166.4639 1.4167 3.8320E-03 -240990 82.6658 82.6658
167.3269 1.4167 3.8320E-03 -254840 93.6226 93.6226
168.1900 1.4167 3.8320E-03 -269320 105.6511 105.6511
169.0530 1.4167 3.8320E-03 -284400 118.0411 118.0411
169.9160 1.4167 3.8320E-03 -300060 130.8409 130.8409
170.7791 1.4167 3.8320E-03 -316290 144.1395 144.1395
171.6421 1.4167 3.8320E-03 -333070 157.7365 157.7365
172.5051 1.4167 3.8320E-03 -350380 171.4435 171.4435
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173.3682 1.4167 3.8320E-03 -368210 186.9142 186.9142
174.2312 1.4167 3.8320E-03 -386530 196.9997 196.9997
175.0942 1.4167 3.8320E-03 -405430 233.1655 233.1655
175.9573 1.4167 3.8320E-03 -424140 465.4916 465.4916
176.8203 1.4167 3.8320E-03 -454260 783.4085 783.4085
177.6833 1.4167 3.8320E-03 -473780 319.5115 319.5115
178.5464 1.4167 3.8320E-03 -494870 374.0217 374.0217
179.4094 1.4167 3.8320E-03 -516770 432.3862 432.3862
180.2724 1.4167 3.8320E-03 -548360 1708.1283 1708.1283
181.1355 1.4167 3.8320E-03 -463020 1863.0497 1863.0497
181.9985 1.4167 3.8320E-03 -439930 468.2511 468.2511
182.8615 1.4167 3.8320E-03 -415080 438.7207 438.7207
183.7246 1.4167 4.5604E-03 -390990 442.7084 442.7084
184.5876 1.4167 4.5604E-03 -367650 414.3076 414.3076
185.4506 1.4167 4.5604E-03 -345000 388.4884 388.4884
186.3137 1.4167 4.5604E-03 -323060 363.1300 363.1300
187.1767 1.4167 4.5604E-03 -301830 338.6890 338.6890
188.0397 1.4167 4.5604E-03 -281310 314.9549 314.9549
188.9028 1.4167 4.5604E-03 -261490 291.9473 291.9473
189.7658 1.4167 4.5604E-03 -242400 266.7442 266.7442
190.6288 1.4167 3.1669E-03 -223980 267.5012 267.5012
191.4919 1.4167 3.1669E-03 -206530 181.3398 181.3398
192.3549 1.4167 3.1669E-03 -189680 165.7686 165.7686
193.2179 1.4167 3.1669E-03 -173540 150.9842 150.9842
194.0810 1.4167 3.1669E-03 -158100 140.4609 140.4609
194.9440 1.4167 3.1669E-03 -143450 109.0660 109.0660
195.8070 1.4167 2.0268E-03 -129450 91.8708 91.8708
196.6701 1.4167 2.0268E-03 -116210 84.6532 84.6532
197.5331 1.4167 2.0268E-03 -103680 75.4350 75.4350
198.3961 1.4167 2.0268E-03 -91871 66.7865 66.7865
199.2592 1.4167 2.0268E-03 -80767 58.6284 58.6284
200.1222 1.4167 2.0268E-03 -70371 50.8394 50.8394
200.9852 1.4167 2.0268E-03 -60655 76.8596 76.8596
201.8483 1.4167 2.0268E-03 -51755 34.5531 34.5531
202.7113 1.4167 2.0268E-03 -43521 29.1005 29.1005
203.5743 1.4167 2.0268E-03 -36004 23.9248 23.9248
204.4374 1.4167 2.0268E-03 -29196 19.2504 19.2504
205.3004 1.4167 2.0268E-03 -23100 15.1262 15.1262
206.1634 1.4167 2.0268E-03 -17713 11.5266 11.5266
207.0265 1.4167 2.0268E-03 -13037 8.4786 8.4786
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207.8895 1.4167 2.0268E-03 -9071 7.0133 7.0133
208.7525 1.4167 2.0268E-03 -5843 5.6734 6.2566
209.6156 1.4167 2.0268E-03 -3323 4.4890 7.2962
210.4786 1.4167 2.0268E-03 -1512 3.6370 8.1341
211.3416 1.4167 2.0268E-03 -407 3.8201 8.4555
211.7732 1.4167 2.0268E-03 -132.3 3.0044 12.3547
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3.3506 1.4167 3.8320E-03 -340670 1568.5967 1568.5967
4.2136 1.4167 3.8320E-03 -317240 598.6673 598.6673
5.0767 1.4167 3.8320E-03 -306670 223.7522 223.7522
5.9397 1.4167 3.8320E-03 -295210 103.6053 103.6053
6.8027 1.4167 3.8320E-03 -284720 129.6698 129.6698
7.6658 1.4167 3.8320E-03 -275200 133.9033 133.9033
8.5288 1.4167 3.8320E-03 -266540 142.4192 142.4192
9.3918 1.4167 3.8320E-03 -258800 149.2106 149.2106
10.2549 1.4167 3.8320E-03 -251970 155.2081 155.2081
11.1179 1.4167 3.8320E-03 -246060 160.4057 160.4057
11.9809 1.4167 3.8320E-03 -241070 164.7039 164.7039
12.8440 1.4167 3.8320E-03 -237000 168.2025 168.2025
13.7070 1.4167 3.8320E-03 -233860 170.8015 170.8015
14.5700 1.4167 3.8320E-03 -231650 172.5008 172.5008
15.4331 1.4167 3.8320E-03 -230370 173.4003 173.4003
16.2961 1.4167 3.8320E-03 -230000 173.4001 173.4001
17.1591 1.4167 3.8320E-03 -230570 172.0000 172.0000
18.0222 1.4167 3.8320E-03 -232050 170.8001 170.8001
18.8852 1.4167 3.8320E-03 -234450 168.2003 168.2003
19.7482 1.4167 3.8320E-03 -237760 164.7005 164.7005
20.6113 1.4167 3.8320E-03 -241980 160.5010 160.5010
21.4743 1.4167 3.8320E-03 -247100 155.1012 155.1012
22.3373 1.4167 3.8320E-03 -253120 149.7013 149.7013
23.2004 1.4167 3.8320E-03 -260030 144.8140 144.8140
24.0634 1.4167 3.8320E-03 -267910 116.8221 117.6763
24.9264 1.4167 3.8320E-03 -276070 110.4803 110.4803
25.7895 1.4167 3.8320E-03 -285790 121.5138 121.5138
26.6525 1.4167 3.8320E-03 -296180 103.6005 103.6005
27.5155 1.4167 3.8320E-03 -307420 95.1600 95.1600
28.3786 1.4167 3.8320E-03 -319480 82.9508 82.9508
29.2416 1.4167 3.8320E-03 -332280 73.7804 73.7804
30.1046 1.4167 3.8320E-03 -346080 44.5204 45.5920
30.9677 1.4167 3.8320E-03 -359420 38.9385 38.9385
31.8307 1.4167 3.8320E-03 -374730 37.0814 37.0814
32.6937 1.4167 3.8320E-03 -390280 30.1590 30.1590
33.5568 1.4167 3.8320E-03 -407160 74.1906 74.1906
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34.4198 1.4167 3.8320E-03 -422060 78.6161 78.6161
35.2828 1.4167 3.8320E-03 -448700 279.6630 279.6630
36.1459 1.4167 3.8320E-03 -441480 157.5483 157.5483
37.0089 1.4167 3.8320E-03 -424970 324.8183 324.8183
37.8719 1.4167 3.8320E-03 -418480 45.4548 45.4548
38.7350 1.4167 3.8320E-03 -410710 106.6471 106.6471
39.5980 1.4167 3.8320E-03 -403870 64.7611 64.7611
40.4610 1.4167 3.8320E-03 -397610 68.0559 68.0559
41.3241 1.4167 3.8320E-03 -392040 63.8523 63.8523
42.1871 1.4167 3.8320E-03 -386810 52.2984 52.2984
43.0501 1.4167 3.8320E-03 -383550 78.2882 78.2882
43.9132 1.4167 3.8320E-03 -379690 46.5057 46.5057
44.7762 1.4167 3.8320E-03 -376710 48.3903 48.3903
45.6392 1.4167 3.8320E-03 -374350 45.9534 45.9534
46.5023 1.4167 3.8320E-03 -372660 44.5400 44.5400
47.3653 1.4167 3.8320E-03 -371640 43.7302 43.7302
48.2283 1.4167 3.8320E-03 -371300 43.4201 43.4201
49.0914 1.4167 3.8320E-03 -371620 43.6802 43.6802
49.9544 1.4167 3.8320E-03 -372620 44.4702 44.4702
50.8174 1.4167 3.8320E-03 -374290 45.8103 45.8103
51.6805 1.4167 3.8320E-03 -376620 47.6904 47.6904
52.5435 1.4167 3.8320E-03 -379610 50.1104 50.1104
53.4065 1.4167 3.8320E-03 -383270 53.0605 53.0605
54.2696 1.4167 3.8320E-03 -387580 56.5405 56.5405
55.1326 1.4167 3.8320E-03 -392540 60.5306 60.5306
55.9956 1.4167 3.8320E-03 -398140 65.0206 65.0206
56.8587 1.4167 3.8320E-03 -404370 70.0306 70.0306
57.7217 1.4167 3.8320E-03 -411230 75.5308 75.5308
58.5847 1.4167 3.8320E-03 -418710 81.1605 81.1605
59.4478 1.4167 3.8320E-03 -426770 89.8516 89.8516
60.3108 1.4167 3.8320E-03 -435580 84.3601 84.3601
61.1738 1.4167 3.8320E-03 -443960 153.7224 153.7224
62.0369 1.4167 3.8320E-03 -452460 127.3367 127.3367
62.8999 1.4167 3.8320E-03 -470270 316.6081 316.6081
63.7629 1.4167 3.8320E-03 -447120 168.0171 168.0171
64.6260 1.4167 3.8320E-03 -423090 335.7203 335.7203
65.4890 1.4167 3.8320E-03 -409170 56.9430 56.9430
66.3520 1.4167 3.8320E-03 -393830 139.3153 139.3153
67.2151 1.4167 4.5604E-03 -380070 44.8542 44.8542
68.0781 1.4167 4.5604E-03 -366070 108.6821 108.6821
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68.9411 1.4167 4.5604E-03 -352950 78.1317 78.1317
69.8042 1.4167 4.5604E-03 -340420 69.6296 69.6296
70.6672 1.4167 4.5604E-03 -328560 57.4007 57.4007
71.5302 1.4167 4.5604E-03 -317370 46.6049 46.6049
72.3933 1.4167 4.5604E-03 -306860 36.2944 36.2944
73.2563 1.4167 4.5604E-03 -297050 32.7856 32.7856
74.1193 1.4167 4.5604E-03 -287940 42.0444 42.0444
74.9824 1.4167 4.5604E-03 -279540 50.5631 50.5631
75.8454 1.4167 4.5604E-03 -271860 58.2040 58.2040
76.7084 1.4167 4.5604E-03 -264910 65.0706 65.0706
77.5715 1.4167 4.5604E-03 -258670 72.9404 72.9404
78.4345 1.4167 4.5604E-03 -253310 66.0116 66.0116
79.2975 1.4167 3.8320E-03 -248060 66.3826 66.3826
80.1606 1.4167 3.8320E-03 -244270 78.0702 78.0702
81.0236 1.4167 3.8320E-03 -241100 77.7234 77.7234
81.8866 1.4167 3.8320E-03 -238730 80.3506 80.3506
82.7497 1.4167 3.8320E-03 -237120 81.2314 81.2314
83.6127 1.4167 3.8320E-03 -236280 81.7010 81.7010
84.4757 1.4167 3.8320E-03 -236220 81.4111 81.4111
85.3388 1.4167 3.8320E-03 -236930 80.4510 80.4510
86.2018 1.4167 3.8320E-03 -238410 78.7910 78.7910
87.0648 1.4167 3.8320E-03 -240660 76.4409 76.4409
87.9279 1.4167 3.8320E-03 -243670 73.4109 73.4109
88.7909 1.4167 3.8320E-03 -247450 69.6909 69.6909
89.6539 1.4167 3.8320E-03 -251980 65.2909 65.2909
90.5170 1.4167 3.8320E-03 -257270 60.2109 60.2109
91.3800 1.4167 3.8320E-03 -263300 54.4509 54.4509
92.2430 1.4167 3.8320E-03 -270060 48.0210 48.0210
93.1061 1.4167 3.8320E-03 -277560 40.9210 40.9210
93.9691 1.4167 3.8320E-03 -285780 33.1512 33.1512
94.8321 1.4167 3.8320E-03 -294710 27.0811 27.0811
95.6952 1.4167 3.8320E-03 -304340 35.0407 35.0407
96.5582 1.4167 3.8320E-03 -314660 43.5305 43.5305
97.4212 1.4167 3.8320E-03 -325660 52.5303 52.5303
98.2843 1.4167 3.8320E-03 -337320 62.0202 62.0202
99.1473 1.4167 3.8320E-03 -349630 71.9802 71.9802
100.0103 1.4167 3.8320E-03 -362570 82.4001 82.4001
100.8734 1.4167 3.8320E-03 -376140 93.2700 93.2700
101.7364 1.4167 3.8320E-03 -390320 104.2006 104.2006
102.5994 1.4167 3.8320E-03 -405060 117.8027 117.8027
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103.4625 1.4167 3.8320E-03 -420550 120.3181 120.3181
104.3255 1.4167 3.8320E-03 -435550 178.5666 178.5666
105.1885 1.4167 3.8320E-03 -452090 138.3717 138.3717
106.0516 1.4167 3.8320E-03 -469240 193.2723 193.2723
106.9146 1.4167 3.8320E-03 -484970 204.0036 204.0036
107.7776 1.4167 3.8320E-03 -509830 359.5936 359.5936
108.6407 1.4167 3.8320E-03 -490940 295.1929 295.1929
109.5037 1.4167 3.8320E-03 -463880 424.4298 424.4298
110.3667 1.4167 2.5652E-03 -441000 127.8191 127.8191
111.2298 1.4167 2.5652E-03 -421500 125.2154 125.2154
112.0928 1.4167 . 2.5652E-03 -401850 118.6240 118.6240
112.9558 1.4167 2.5652E-03 -382880 110.3179 110.3179
113.8189 1.4167 2.5652E-03 -364470 102.7168 102.7168
114.6819 1.4167 2.5652E-03 -346670 94.8982 94.8982
115.5449 1.4167 2.5652E-03 -329480 87.1680 87.1680
116.4080 1.4167 2.5652E-03 -312930 79.4984 79.4984
117.2710 1.4167 2.5652E-03 -297030 71.9185 71.9185
118.1340 1.4167 2.5652E-03 -281800 64.4786 64.4786
118.9971 1.4167 2.5652E-03 -267250 57.1886 57.1886
119.8601 1.4167 2.5652E-03 -253400 50.0887 50.0887
120.7231 1.4167 2.5652E-03 -240250 43.2087 43.2087
121.5862 1.4167 2.5652E-03 -227820 36.5687 36.5687
122.4492 1.4167 2.5652E-03 -216130 30.1989 30.1989
123.3122 1.4167 2.5652E-03 -205170 36.5546 36.5546
124.1753 1.4167 2.5652E-03 -194950 42.8893 42.8893
125.0383 1.4167 2.5652E-03 -185490 48.7359 48.7359
125.9013 1.4167 2.5652E-03 -176790 54.0836 54.0836
126.7644 1.4167 2.5652E-03 -168850 58.9320 58.9320
127.6274 1.4167 2.5652E-03 -161690 63.2910 63.2910
128.4904 1.4167 2.5652E-03 -155300 67.1604 67.1604
129.3535 1.4167 2.5652E-03 -149680 70.5301 70.5301
130.2165 1.4167 2.5652E-03 -144850 73.4200 73.4200
131.0795 1.4167 2.5652E-03 -140800 75.8001 75.8001
131.9426 1.4167 2.5652E-03 -137530 77.7004 77.7004
132.8056 1.4167 2.5652E-03 -135040 79.1008 79.1008
133.6686 1.4167 2.5652E-03 -133350 80.0213 80.0213
134.5317 1.4167 2.5652E-03 -132430 80.4418 80.4418
135.3947 1.4167 2.5652E-03 -132300 80.3725 80.3725
136.2577 1.4167 2.5652E-03 -132950 79.8232 79.8232
137.1208 1.4167 2.5652E-03 -134380 78.7442 78.7442
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137.9838 1.4167 2.5652E-03 -136580 77.3643 77.3643
138.8468 1.4167 2.5652E-03 -139560 74.7286 74.7286
139.7099 1.4167 2.5652E-03 -143310 74.4009 74.4009
140.5729 1.4167 2.5652E-03 -147790 64.3527 64.3527
141.4359 1.4167 2.5652E-03 -153300 80.8744 80.8744
142.2990 1.4167 2.5652E-03 -158120 45.1418 52.3390
143.1620 1.4167 2.5652E-03 -170790 102.7410 102.7410
144.0250 1.4167 2.5652E-03 -137650 85.4822 86.4446
144.8881 1.4167 2.5652E-03 -127250 88.8369 88.8369
145.7511 1.4167 2.5652E-03 -124810 60.4591 60.8420
146.6141 1.4167 2.5652E-03 -121620 45.9610 45.9610
147.4772 1.4167 2.5652E-03 -119400 52.5006 52.5006
148.3402 1.4167 2.5652E-03 -117860 51.7773 51.7773
149.2032 1.4167 2.5652E-03 -117030 52.5944 52.5944
150.0663 1.4167 2.5652E-03 -116910 52.4571 52.4571
150.9293 1.4167 2.5652E-03 -117500 51.9985 51.9985
151.7923 1.4167 2.5652E-03 -118800 51.0605 51.0605
152.6554 1.4167 2.5652E-03 -120800 49.6927 49.6927
153.5184 1.4167 2.5652E-03 -123510 47.8752 47.8752
154.3814 1.4167 2.5652E-03 -126910 45.6181 45.6181
155.2445 1.4167 2.5652E-03 -131020 42.9215 42.9215
156.1075 1.4167 2.5652E-03 -135820 39.7756 39.7756
156.9705 1.4167 2.5652E-03 -141310 36.1807 36.1807
157.8336 1.4167 2.5652E-03 -147490 32.1473 32.1473
158.6966 1.4167 2.5652E-03 -154350 27.6668 27.6668
159.5596 1.4167 2.5652E-03 -161900 30.7002 30.7002
160.4227 1.4167 2.5652E-03 -170120 35.2855 35.2855
161.2857 1.4167 2.5652E-03 -179020 40.4295 40.4295
162.1487 1.4167 2.5652E-03 -188570 45.1400 45.1400
163.0118 1.4167 2.5652E-03 -198880 52.4379 52.4379
163.8748 1.4167 2.5652E-03 -209410 53.7665 53.7665
164.7378 1.4167 3.8320E-03 -222730 71.9797 71.9797
165.6009 1.4167 3.8320E-03 -234520 90.9695 90.9695
166.4639 1.4167 3.8320E-03 -247410 98.3632 98.3632
167.3269 1.4167 3.8320E-03 -260890 110.8465 110.8465
168.1900 1.4167 3.8320E-03 -275050 122.1158 122.1158
169.0530 1.4167 3.8320E-03 -289870 134.4184 134.4184
169.9160 1.4167 3.8320E-03 -305350 146.9150 146.9150
170.7791 1.4167 3.8320E-03 -321500 159.8133 159.8133
171.6421 1.4167 3.8320E-03 -338300 173.1113 173.1113
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172.5051 1.4167 3.8320E-03 -355760 187.0091 187.0091
173.3682 1.4167 3.8320E-03 -373870 199.5137 199.5137
174.2312 1.4167 3.8320E-03 -392620 221.1014 221.1014
175.0942 1.4167 3.8320E-03 -412030 235.9007 235.9007
175.9573 1.4167 3.8320E-03 -432170 309.6069 309.6069
176.8203 1.4167 3.8320E-03 -448580 238.1283 238.1283
177.6833 1.4167 3.8320E-03 -469040 334.3811 334.3811
178.5464 1.4167 3.8320E-03 -489710 376.1984 376.1984
179.4094 1.4167 3.8320E-03 -511230 434.5337 434.5337
180.2724 1.4167 3.8320E-03 -542400 1697.2754 1697.2754
181.1355 1.4167 3.8320E-03 -457330 1851.5777 1851.5777
181.9985 1.4167 3.8320E-03 -434550 469.0360 469.0360
182.8615 1.4167 3.8320E-03 -410000 439.6258 439.6258
183.7246 1.4167 4.5604E-03 -386210 443.6437 443.6437
184.5876 1.4167 4.5604E-03 -363150 415.0923 415.0923
185.4506 1.4167 4.5604E-03 -340780 389.1990 389.1990
186.3137 1.4167 4.5604E-03 -319110 363.8669 363.8669
187.1767 1.4167 4.5604E-03 -298140 339.3501 339.3501
188.0397 1.4167 4.5604E-03 -277860 315.6407 315.6407
188.9028 1.4167 4.5604E-03 -258290 292.4579 292.4579
189.7658 1.4167 4.5604E-03 -239430 267.4138 267.4138
190.6288 1.4167 3.1669E-03 -221240 266.6041 266.6041
191.4919 1.4167 3.1669E-03 -204000 181.8261 181.8261
192.3549 1.4167 3.1669E-03 -187360 166.2899 166.2899
193.2179 1.4167 3.1669E-03 -171420 151.4335 151.4335
194.0810 1.4167 3.1669E-03 -156170 140.8020 140.8020
194.9440 1.4167 3.1669E-03 -141700 109.4298 109.4298
195.8070 1.4167 2.0268E-03 -127870 92.1930 92.1930
196.6701 1.4167 2.0268E-03 -114790 84.9530 84.9530
197.5331 1.4167 2.0268E-03 -102420 75.7032 75.7032
198.3961 1.4167 2.0268E-03 -90756 67.0200 67.0200
199.2592 1.4167 2.0268E-03 -79788 58.8374 58.8374
200.1222 1.4167 2.0268E-03 -69520 50.9996 50.9996
200.9852 1.4167 2.0268E-03 -59924 76.9827 76.9827
201.8483 1.4167 2.0268E-03 -51133 34.6650 34.6650
202.7113 1.4167 2.0268E-03 -43001 29.1983 29.1983
203.5743 1.4167 2.0268E-03 -35575 23.9974 23.9974
204.4374 1.4167 2.0268E-03 -28851 19.3158 19.3158
205.3004 1.4167 2.0268E-03 -22828 15.1635 15.1635
206.1634 1.4167 2.0268E-03 -17507 11.5435 11.5435
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207.0265 1.4167 2.0268E-03 -12888 8.4901 8.4901
207.8895 1.4167 2.0268E-03 -8969 7.0052 7.0052
208.7525 1.4167 2.0268E-03 -5779 5.6728 6.2573
209.6156 1.4167 2.0268E-03 -3288 4.4890 7.2960
210.4786 1.4167 2.0268E-03 -1498 3.6361 8.1353
211.3416 1.4167 2.0268E-03 -404.3 3.8296 8.4634
211.7732 1.4167 2.0268E-03 -131.9 3.0058 12.3708
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2. 38.1 144.3 m 98.2




5. 41.3 345.5 m 122.5




8. 44.5 528.4 m 167.3
9. 47.6 583.0 m 192.2
* as percent of Normal Breaking Load
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Wind Load All Legs Distributed 364.74 NAn
Cable 1 
(Bottom Most) Distributed 20.72 N/\m
Cable 2 Distributed 23.51 A//m
Cable 3 Distributed 26.48 A//m
Cable 4 Distributed 29.15 A//m
Cable 5 Distributed 31.69 A//m
Cable 6 Distributed 32.96 N/\m
Cable 7 Distributed 35.53 A//m
Cable 8 Distributed 38.17 A//m
Cable 9 
(Top Most) Distributed 39.50 NAm
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4.8768 2.2860 2.8502E-02 -3176900 37906 37906
7.1628 2.2860 2.8502E-02 -2801100 14528 14528
9.4488 2.2860 2.8502E-02 -2795600 9324 9324
11.7348 2.2860 2.8502E-02 -2908500 10607 10607
14.0208 2.2860 2.8502E-02 -2903100 10594 10594
16.3068 2.2860 2.8502E-02 -2964000 9760 9760
18.5928 2.2860 2.8502E-02 -2958600 9380 9380
20.8788 2.2860 2.8502E-02 -3168000 9226 9226
23.1648 2.2860 2.8502E-02 -3162700 6758 6758
25.4508 2.2860 2.8502E-02 -3181500 5162 5162
27.7368 2.2860 2.6634E-02 -3176200 5171 5171
30.0228 2.2860 2.6634E-02 -3188700 4826 4826
32.3088 2.2860 2.6634E-02 -3183800 4828 4828
34.5948 2.2860 2.6634E-02 -3184000 4907 4907
36.8808 2.2860 2.6634E-02 -3179100 4906 4906
39.1668 2.2860 2.6634E-02 -3165300 4856 4856
41.4528 2.2860 2.6634E-02 -3160300 4856 4856
43.7388 2.2860 2.6634E-02 -3132600 4775 4775
46.0248 2.2860 2.6634E-02 -3127600 4774 4774
48.3108 2.2860 2.6634E-02 -3086000 4749 4749
50.5968 2.2860 2.6634E-02 -3081100 4751 4751
52.8828 2.2860 2.6634E-02 -3026800 4576 4576
55.1688 2.2860 2.6634E-02 -3021800 4563 4563
57.4548 2.2860 2.6634E-02 -2940800 4682 4682
59.7408 2.2860 2.6634E-02 -2935800 4680 4680
62.0268 2.2860 2.6634E-02 -2857400 5211 5211
64.3128 2.2860 2.6634E-02 -2852500 5516 5516
66.5988 2.2860 2.6634E-02 -2750900 6831 6831
68.8848 2.2860 2.6634E-02 -2746000 11588 11588
71.1708 2.2860 2.6634E-02 -2653600 11583 11583
73.4568 2.2860 2.4829E-02 -2648600 6956 6956
75.7428 2.2860 2.4829E-02 -2686000 5826 5826
78.0288 2.2860 2.4829E-02 -2681300 5826 5826
80.3148 2.2860 2.4829E-02 -2727300 5481 5481
82.6008 2.2860 2.4829E-02 -2722600 4826 4826
84.8868 2.2860 2.4829E-02 -2801700 4814 4814
87.1728 2.2860 2.4829E-02 -2797100 4273 4273
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89.4588 2.2860 2.4829E-02 -2820500 4123 4123
91.7448 2.2860 2.4829E-02 -2815800 4123 4123
94.0308 2.2860 2.4829E-02 -2828600 4050 4050
96.3168 2.2860 2.4829E-02 -2823900 4051 4051
98.6028 2.2860 2.4829E-02 -2823900 4073 4073
100.8888 2.2860 2.4829E-02 -2819300 4073 4073
103.1748 2.2860 2.4829E-02 -2806800 4051 4051
105.4608 2.2860 2.4829E-02 -2802100 4052 4052
107.7468 2.2860 2.4829E-02 -2777100 3950 3950
110.0328 2.2860 2.4829E-02 -2772400 3948 3948
112.3188 2.2860 2.4829E-02 -2734900 4017 4017
114.6048 2.2860 2.4829E-02 -2730200 4019 4019
116.8908 2.2860 2.4829E-02 -2682500 3946 3946
119.1768 2.2860 2.4829E-02 -2677900 4813 4813
121.4628 2.2860 2.4829E-02 -2576300 4798 4798
123.7488 2.2860 2.4829E-02 -2571600 5096 5096
126.0348 2.2860 2.4829E-02 -2503900 5205 5205
128.3208 2.2860 2.4829E-02 -2499300 5203 5203
130.6068 2.2860 2.4829E-02 -2419000 5199 5199
132.8928 2.2860 2.4829E-02 -2414300 5360 5360
135.1788 2.2860 2.4829E-02 -2322500 5352 5352
137.4648 2.2860 2.4829E-02 -2317800 5028 5028
139.7508 2.2860 2.4829E-02 -2236800 5841 5841
142.0368 2.2860 2.4829E-02 -2232100 10972 10972
144.3228 2.2860 2.4829E-02 -2054400 10971 10971
146.6088 2.2860 2.4829E-02 -2049700 5665 5665
148.8948 2.2860 2.4829E-02 -2107400 4789 4789
151.1808 2.2860 2.4829E-02 -2102700 5056 5056
153.4668 2.2860 2.4829E-02 -2172500 5064 5064
155.7528 2.2860 2.4829E-02 -2167800 4855 4855
158.0388 2.2860 2.4829E-02 -2226400 4848 4848
160.3248 2.2860 2.4829E-02 -2221800 4734 4734
162.6108 2.2860 2.4829E-02 -2269300 4747 4747
164.8968 2.2860 2.4829E-02 -2264700 4079 4079
167.1828 2.2860 2.1408E-02 -2332000 4108 4108
169.4688 2.2860 2.1408E-02 -2328000 3079 3079
171.7548 2.2860 2.1408E-02 -2357600 3124 3124
174.0408 2.2860 2.1408E-02 -2353500 3140 3140
176.3268 2.2860 2.1408E-02 -2373300 3142 3142
178.6128 2.2860 2.1408E-02 -2369200 3070 3070
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180.8988 2.2860 2.1408E-02 -2377600 3079 3079
183.1848 2.2860 2.1408E-02 -2373500 3099 3099
185.4708 2.2860 2.1408E-02 -2370600 3099 3099
187.7568 2.2860 2.1408E-02 -2366500 3083 3083
190.0428 2.2860 2.1408E-02 -2352900 3101 3101
192.3288 2.2860 2.1408E-02 -2348800 3331 3331
194.6148 2.2860 2.1408E-02 -2309800 3327 3327
196.9008 2.2860 2.1408E-02 -2305700 3461 3461
199.1868 2.2860 2.1408E-02 -2271600 3487 3487
201.4728 2.2860 2.1408E-02 -2267500 3955 3955
203.7588 2.2860 2.1408E-02 -2193000 3951 3951
206.0448 2.2860 2.1408E-02 -2188900 4331 4331
208.3308 2.2860 2.1408E-02 -2133300 4317 4317
210.6168 2.2860 2.1408E-02 -2129300 4259 4259
212.9028 2.2860 2.1408E-02 -2078100 4694 4694
215.1888 2.2860 2.1408E-02 -2074100 7539 7539
217.4748 2.2860 2.1408E-02 -1867900 7547 7547
219.7608 2.2860 2.1408E-02 -1863900 4152 4152
222.0468 2.2860 2.1408E-02 -1937900 3791 3791
224.3328 2.2860 2.1408E-02 -1933800 3354 3354
226.6188 2.2860 2.1408E-02 -1990700 3352 3352
228.9048 2.2860 2.1408E-02 -1986700 3352 3352
231.1908 2.2860 1.8241E-02 -1988400 3353 3353
233.4768 2.2860 1.8241E-02 -1984900 3644 3644
235.7628 2.2860 1.8241E-02 -2022200 3645 3645
238.0488 2.2860 1.8241E-02 -2018700 3584 3584
240.3348 2.2860 1.8241E-02 -2042600 3580 3580
242.6208 2.2860 1.8241E-02 -2039100 3638 3638
244.9068 2.2860 1.8241E-02 -2052800 3639 3639
247.1928 2.2860 1.8241E-02 -2049300 3600 3600
249.4788 2.2860 1.8241E-02 -2052200 3599 3599
251.7648 2.2860 1.8241E-02 -2048700 3622 3622
254.0508 2.2860 1.8241E-02 -2040900 3622 3622
256.3368 2.2860 1.8241E-02 -2037400 3558 3558
258.6228 2.2860 1.8241E-02 -2018900 3561 3561
260.9088 2.2860 1.8241E-02 -2015400 3616 3616
263.1948 2.2860 1.8241E-02 -1986200 3613 3613
265.4808 2.2860 1.8241E-02 -1982700 3445 3445
267.7668 2.2860 1.8241E-02 -1943500 3444 3444
270.0528 2.2860 1.8241E-02 -1940000 3688 3688
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272.3388 2.2860 1.8241E-02 -1887400 3673 3673
274.6248 2.2860 1.8241E-02 -1883900 3536 3536
276.9108 2.2860 1.8241E-02 -1867800 3595 3595
279.1968 2.2860 1.8241E-02 -1864300 6289 6289
281.4828 2.2860 1.8241E-02 -1657200 6292 6292
283.7688 2.2860 1.8241E-02 -1653700 3220 3220
286.0548 2.2860 1.8241E-02 -1698400 2738 2738
288.3408 2.2860 1.8241E-02 -1694900 2748 2748
290.6268 2.2860 1.8241E-02 -1746000 2763 2763
292.9128 2.2860 1.8241E-02 -1742500 2509 2509
295.1988 2.2860 1.8241E-02 -1795700 2505 2505
297.4848 2.2860 1.8241E-02 -1792300 2368 2368
299.7708 2.2860 1.8241E-02 -1822800 2370 2370
302.0568 2.2860 1.8241E-02 -1819300 2316 2316
304.3428 2.2860 1.6753E-02 -1833700 2319 2319
306.6288 2.2860 1.6753E-02 -1830500 2292 2292
308.9148 2.2860 1.6753E-02 -1840100 2293 2293
311.2008 2.2860 1.6753E-02 -1836800 2265 2265
313.4868 2.2860 1.6753E-02 -1835200 2265 2265
315.7728 2.2860 1.6753E-02 -1831900 2277 2277
318.0588 2.2860 1.6753E-02 -1819300 2277 2277
320.3448 2.2860 1.6753E-02 -1816000 2239 2239
322.6308 2.2860 1.6753E-02 -1792400 2242 2242
324.9168 2.2860 1.6753E-02 -1789200 2284 2284
327.2028 2.2860 1.6753E-02 -1755300 2281 2281
329.4888 2.2860 1.6753E-02 -1752100 2302 2302
331.7748 2.2860 1.6753E-02 -1694400 2310 2310
334.0608 2.2860 1.6753E-02 -1691200 2606 2606
336.3468 2.2860 1.6753E-02 -1636200 2601 2601
338.6328 2.2860 1.6753E-02 -1633000 2603 2603
340.9188 2.2860 1.6753E-02 -1585400 2751 2751
343.2048 2.2860 1.6753E-02 -1582200 5638 5638
345.4908 2.2860 1.6753E-02 -1302600 5628 5628
347.7768 2.2860 1.6753E-02 -1299300 2761 2761
350.0628 2.2860 1.6753E-02 -1358400 2330 2330
352.3488 2.2860 1.6753E-02 -1355200 2289 2289
354.6348 2.2860 1.6753E-02 -1423200 2302 2302
356.9208 2.2860 1.6753E-02 -1419900 2133 2133
359.2068 2.2860 1.6753E-02 -1488800 2129 2129
361.4928 2.2860 1.6753E-02 -1485600 1978 1978
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363.7788 2.2860 1.6753E-02 -1533500 1980 1980
366.0648 2.2860 1.6753E-02 -1530300 1931 1931
368.3508 2.2860 1.3966E-02 -1556000 1936 1936
370.6368 2.2860 1.3966E-02 -1553200 1950 1950
372.9228 2.2860 1.3966E-02 -1580100 1949 1949
375.2088 2.2860 1.3966E-02 -1577400 1865 1865
377.4948 2.2860 1.3966E-02 -1592600 1868 1868
379.7808 2.2860 1.3966E-02 -1589800 1956 1956
382.0668 2.2860 1.3966E-02 -1593600 1949 1949
384.3528 2.2860 1.3966E-02 -1590800 1933 1933
386.6388 2.2860 1.3966E-02 -1583100 1860 1860
388.9248 2.2860 1.3966E-02 -1580400 1954 1954
391.2108 2.2860 1.3966E-02 -1561300 2029 2029
393.4968 2.2860 1.3966E-02 -1558500 2033 2033
395.7828 2.2860 1.3966E-02 -1528200 1824 1824
398.0688 2.2860 1.3966E-02 -1525400 1982 1982
400.3548 2.2860 1.3966E-02 -1483800 2225 2225
402.6408 2.2860 1.3966E-02 -1481100 2222 2222
404.9268 2.2860 1.3966E-02 -1431500 2065 2065
407.2128 2.2860 1.3966E-02 -1428800 3899 3899
409.4988 2.2860 1.3966E-02 -1123000 3882 3882
411.7848 2.2860 1.3966E-02 -1120200 2258 2258
414.0708 2.2860 1.3966E-02 -1176700 1940 1940
416.3568 2.2860 1.3966E-02 -1174000 1794 1794
418.6428 2.2860 1.3966E-02 -1237700 1804 1804
420.9288 2.2860 1.3966E-02 -1235000 1707 1707
423.2148 2.2860 1.2668E-02 -1292600 1705 1705
425.5008 2.2860 1.2668E-02 -1290100 1644 1644
427.7868 2.2860 1.2668E-02 -1331900 1646 1646
430.0728 2.2860 1.2668E-02 -1329400 1629 1629
432.3588 2.2860 1.2668E-02 -1360100 1627 1627
434.6448 2.2860 1.2668E-02 -1357600 1645 1645
436.9308 2.2860 1.2668E-02 -1376700 1646 1646
439.2168 2.2860 1.2668E-02 -1374200 1635 1635
441.5028 2.2860 1.2668E-02 -1381500 1635 1635
443.7888 2.2860 1.2668E-02 -1379000 1640 1640
446.0748 2.2860 1.2668E-02 -1374600 1641 1641
448.3608 2.2860 1.2668E-02 -1372100 1622 1622
450.6468 2.2860 1.2668E-02 -1356000 1623 1623
452.9328 2.2860 1.2668E-02 -1353400 1621 1621
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455.2188 2.2860 1.2668E-02 -1325700 1621 1621
457.5048 2.2860 1.2668E-02 -1323200 1592 1592
459.7908 2.2860 1.2668E-02 -1283900 1594 1594
462.0768 2.2860 1.2668E-02 -1281400 1629 1629
464.3628 2.2860 1.2668E-02 -1231200 1625 1625
466.6488 2.2860 1.2668E-02 -1228700 1965 1965
468.9348 2.2860 1.2668E-02 -1159900 2313 2313
471.2208 2.2860 1.2668E-02 -1157400 3758 3758
473.5068 2.2860 1.2668E-02 -789640 3748 3748
475.7928 2.2860 1.2668E-02 -787120 2210 2210
478.0788 2.2860 1.2668E-02 -843050 1727 1727
480.3648 2.2860 1.2668E-02 -840530 1380 1380
482.6508 2.2860 1.2668E-02 -900690 1383 1383
484.9368 2.2860 1.2668E-02 -898170 1364 1364
487.2228 2.2860 1.1433E-02 -951010 1366 1366
489.5088 2.2860 1.1433E-02 -948700 1297 1297
491.7948 2.2860 1.1433E-02 -987470 1297 1297
494.0808 2.2860 1.1433E-02 -985160 1299 1299
496.3668 2.2860 1.1433E-02 -1013000 1298 1298
498.6528 2.2860 1.1433E-02 -1010700 1300 1300
500.9388 2.2860 1.1433E-02 -1027500 1300 1300
503.2248 2.2860 1.1433E-02 -1025200 1291 1291
505.5108 2.2860 1.1433E-02 -1030700 1292 1292
507.7968 2.2860 1.1433E-02 -1028400 1303 1303
510.0828 2.2860 1.1433E-02 -1022600 1302 1302
512.3688 2.2860 1.1433E-02 -1020300 1264 1264
514.6548 2.2860 1.1433E-02 -1003400 1267 1267
516.9408 2.2860 1.1433E-02 -1001100 1334 1334
519.2268 2.2860 1.1433E-02 -972360 1329 1329
521.5128 2.2860 1.1433E-02 -970050 1399 1399
523.7988 2.2860 1.1433E-02 -946460 1814 1814
526.0848 2.2860 1.1433E-02 -944160 2975 2975
528.3708 2.2860 1.1433E-02 -559430 2967 2967
530.6568 2.2860 1.1433E-02 -557120 1662 1662
532.9428 2.2860 1.1433E-02 -585590 1132 1132
535.2288 2.2860 1.1433E-02 -583280 1023 1023
537.5148 2.2860 1.1433E-02 -619220 1025 1025
539.8008 2.2860 1.1433E-02 -616910 968 968
542.0868 2.2860 1.1433E-02 -641730 967.2 967.2
544.3728 2.2860 1.1433E-02 -639420 981.9 981.9
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546.6588 2.2860 1.1433E-02 -653890 981.7 981.7
548.9448 2.2860 1.1433E-02 -651580 954.1 954.1
551.2308 2.2860 1.1433E-02 -655670 954.8 954.8
553.5168 2.2860 1.1433E-02 -653360 986.7 986.7
555.8028 2.2860 1.1433E-02 -646760 986.2 986.2
558.0888 2.2860 1.1433E-02 -644450 907.2 907.2
560.3748 2.2860 1.1433E-02 -635410 677.3 677.3
562.6608 2.2860 1.1433E-02 -623550 104.3 306.3
564.9468 2.2860 1.1433E-02 -606900 107.7 192.9
567.2328 2.2860 1.1433E-02 -588180 69.69 214.5
569.5188 2.2860 1.1433E-02 -566980 113.8 181.4
571.8048 2.2860 1.1433E-02 -542690 112.3 225.3
574.0908 2.2860 1.1433E-02 -518780 362.5 362.5
576.3768 2.2860 1.1433E-02 -479460 504.1 532.4
578.6628 2.2860 1.1433E-02 -494190 1021 1021
580.9488 2.2860 1.1433E-02 -47027 1026 1026
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4.8768 2.2860 2.8502E-02 -3004500 36682.68127 36682.68127
7.1628 2.2860 2.8502E-02 -2549900 15070.32322 15070.32322
9.4488 2.2860 2.8502E-02 -2544500 7688.309632 7688.309632
11.7348 2.2860 2.8502E-02 -2557100 8521.217049 8521.217049
14.0208 2.2860 2.8502E-02 -2551700 8537.573719 8537.573719
16.3068 2.2860 2.8502E-02 -2529200 8549.476943 8549.476943
18.5928 2.2860 2.8502E-02 -2523800 7933.510509 7933.510509
20.8788 2.2860 2.8502E-02 -2659200 6740.469197 6740.469197
23.1648 2.2860 2.8502E-02 -2653900 5135.366881 5135.366881
25.4508 2.2860 2.8502E-02 -2623500 3684.907733 3684.907733
27.7368 2.2860 2.6634E-02 -2618200 2901.078765 2901.078765
30.0228 2.2860 2.6634E-02 -2601300 2902.430016 2902.430016
32.3088 2.2860 2.6634E-02 -2596300 2935.49076 2935.49076
34.5948 2.2860 2.6634E-02 -2588400 2935.964748 2935.964748
36.8808 2.2860 2.6634E-02 -2583400 2909.240451 2909.240451
39.1668 2.2860 2.6634E-02 -2582400 2909.661492 2909.661492
41.4528 2.2860 2.6634E-02 -2577400 2910.216659 2910.216659
43.7388 2.2860 2.6634E-02 -2583400 2909.750848 2909.750848
46.0248 2.2860 2.6634E-02 -2578400 2882.739149 2882.739149
48.3108 2.2860 2.6634E-02 -2591200 2883.186085 2883.186085
50.5968 2.2860 2.6634E-02 -2586200 2949.219727 2949.219727
52.8828 2.2860 2.6634E-02 -2606200 2942.88294 2942.88294
55.1688 2.2860 2.6634E-02 -2601200 3098.148641 3098.148641
57.4548 2.2860 2.6634E-02 -2613600 3233.252851 3233.252851
59.7408 2.2860 2.6634E-02 -2608600 3517.200023 3517.200023
62.0268 2.2860 2.6634E-02 -2641400 3651.595405 3651.595405
64.3128 2.2860 2.6634E-02 -2636400 4412.306653 4412.306653
66.5988 2.2860 2.6634E-02 -2657600 7039.216505 7039.216505
68.8848 2.2860 2.6634E-02 -2652700 7058.718085 7058.718085
71.1708 2.2860 2.6634E-02 -2612300 7061.838642 7061.838642
73.4568 2.2860 2.4829E-02 -2607300 6823.952301 6823.952301
75.7428 2.2860 2.4829E-02 -2554400 4742.623746 4742.623746
78.0288 2.2860 2.4829E-02 -2549800 4163.995197 4163.995197
80.3148 2.2860 2.4829E-02 -2517000 4167.979127 4167.979127
82.6008 2.2860 2.4829E-02 -2512300 3942.635159 3942.635159
84.8868 2.2860 2.4829E-02 -2528700 3353.362044 3353.362044
87.1728 2.2860 2.4829E-02 -2524100 2967.814179 2967.814179
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89.4588 2.2860 2.4829E-02 -2502600 2687.549255 2687.549255
91.7448 2.2860 2.4829E-02 -2497900 2540.985142 2540.985142
94.0308 2.2860 2.4829E-02 -2484200 2541.434241 2541.434241
96.3168 2.2860 2.4829E-02 -2479600 2542.472623 2542.472623
98.6028 2.2860 2.4829E-02 -2472100 2543.704456 2543.704456
100.8888 2.2860 2.4829E-02 -2467400 2523.693969 2523.693969
103.1748 2.2860 2.4829E-02 -2466300 2523.693969 2523.693969
105.4608 2.2860 2.4829E-02 -2461600 2528.153983 2528.153983
107.7468 2.2860 2.4829E-02 -2466700 2527.501139 2527.501139
110.0328 2.2860 2.4829E-02 -2462000 2499.240135 2499.240135
112.3188 2.2860 2.4829E-02 -2473200 2499.115812 2499.115812
114.6048 2.2860 2.4829E-02 -2468600 2650.679158 2650.679158
116.8908 2.2860 2.4829E-02 -2487300 2975.544488 2975.544488
119.1768 2.2860 2.4829E-02 -2482600 3217.562587 3217.562587
121.4628 2.2860 2.4829E-02 -2464000 3857.240594 3857.240594
123.7488 2.2860 2.4829E-02 -2459300 4082.969997 4082.969997
126.0348 2.2860 2.4829E-02 -2489100 4116.288741 4116.288741
128.3208 2.2860 2.4829E-02 -2484400 4119.096017 4119.096017
130.6068 2.2860 2.4829E-02 -2516600 4332.943226 4332.943226
132.8928 2.2860 2.4829E-02 -2511900 4334.808416 4334.808416
135.1788 2.2860 2.4829E-02 -2548300 4184.346305 4184.346305
137.4648 2.2860 2.4829E-02 -2543700 4634.247404 4634.247404
139.7508 2.2860 2.4829E-02 -2599100 6899.80536 6899.80536
142.0368 2.2860 2.4829E-02 -2594400 6865.00721 6865.00721
144.3228 2.2860 2.4829E-02 -2511400 6775.562633 6775.562633
146.6088 2.2860 2.4829E-02 -2506700 6815.088261 6815.088261
148.8948 2.2860 2.4829E-02 -2446400 4421.567595 4421.567595
151.1808 2.2860 2.4829E-02 -2441700 4034.110187 4034.110187
153.4668 2.2860 2.4829E-02 -2400800 4137.847025 4137.847025
155.7528 2.2860 2.4829E-02 -2396100 4137.306491 4137.306491
158.0388 2.2860 2.4829E-02 -2359100 3919.27876 3919.27876
160.3248 2.2860 2.4829E-02 -2354400 3921.632823 3921.632823
162.6108 2.2860 2.4829E-02 -2320400 3763.627107 3763.627107
164.8968 2.2860 2.4829E-02 -2315700 3605.886576 3605.886576
167.1828 2.2860 2.1408E-02 -2315900 2716.79839 2716.79839
169.4688 2.2860 2.1408E-02 -2311900 2424.901821 2424.901821
171.7548 2.2860 2.1408E-02 -2289000 2084.089451 2084.089451
174.0408 2.2860 2.1408E-02 -2285000 1990.911851 1990.911851
176.3268 2.2860 2.1408E-02 -2268700 1982.652577 1982.652577
178.6128 2.2860 2.1408E-02 -2264600 1982.224014 1982.224014
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180.8988 2.2860 2.1408E-02 -2253900 1962.467722 1962.467722
183.1848 2.2860 2.1408E-02 -2249800 1953.828508 1953.828508
185.4708 2.2860 2.1408E-02 -2244700 1946.527742 1946.527742
187.7568 2.2860 2.1408E-02 -2240700 1971.390578 1971.390578
190.0428 2.2860 2.1408E-02 -2241800 2067.207053 2067.207053
192.3288 2.2860 2.1408E-02 -2237700 2132.352963 2132.352963
194.6148 2.2860 2.1408E-02 -2230100 2278.394762 2278.394762
196.9008 2.2860 2.1408E-02 -2226000 2379.317121 2379.317121
199.1868 2.2860 2.1408E-02 -2239300 2625.951616 2625.951616
201.4728 2.2860 2.1408E-02 -2235200 2754.988365 2754.988365
203.7588 2.2860 2.1408E-02 -2223200 3160.666069 3160.666069
206.0448 2.2860 2.1408E-02 -2219100 3151.260065 3151.260065
208.3308 2.2860 2.1408E-02 -2241300 3226.525841 3226.525841
210.6168 2.2860 2.1408E-02 -2237200 3468.696729 3468.696729
212.9028 2.2860 2.1408E-02 -2274100 4794.225381 4794.225381
215.1888 2.2860 2.1408E-02 -2270100 4769.268707 4769.268707
217.4748 2.2860 2.1408E-02 -2164100 4588.398958 4588.398958
219.7608 2.2860 2.1408E-02 -2160100 4629.183189 4629.183189
222.0468 2.2860 2.1408E-02 -2136200 2837.811016 2837.811016
224.3328 2.2860 2.1408E-02 -2132200 2524.97783 2524.97783
226.6188 2.2860 2.1408E-02 -2099400 2482.020405 2482.020405
228.9048 2.2860 2.1408E-02 -2095300 2478.403873 2478.403873
231.1908 2.2860 1.8241E-02 -2022800 2372.216013 2372.216013
233.4768 2.2860 1.8241E-02 -2019300 2417.400827 2417.400827
235.7628 2.2860 1.8241E-02 -1998700 2543.994499 2543.994499
238.0488 2.2860 1.8241E-02 -1995200 2542.924498 2542.924498
240.3348 2.2860 1.8241E-02 -1976900 2463.88905 2463.88905
242.6208 2.2860 1.8241E-02 -1973400 2465.249529 2465.249529
244.9068 2.2860 1.8241E-02 -1960500 2457.382754 2457.382754
247.1928 2.2860 1.8241E-02 -1957000 2457.052095 2457.052095
249.4788 2.2860 1.8241E-02 -1949500 2438.574094 2438.574094
251.7648 2.2860 1.8241E-02 -1946000 2438.86695 2438.86695
254.0508 2.2860 1.8241E-02 -1943800 2420.830413 2420.830413
256.3368 2.2860 1.8241E-02 -1940300 2420.51736 2420.51736
258.6228 2.2860 1.8241E-02 -1943500 2454.24752 2454.24752
260.9088 2.2860 1.8241E-02 -1940000 2455.056008 2455.056008
263.1948 2.2860 1.8241 E-02 -1948500 2405.188161 2405.188161
265.4808 2.2860 1.8241 E-02 -1945000 2406.600299 2406.600299
267.7668 2.2860 1.8241 E-02 -1958800 2567.435491 2567.435491
270.0528 2.2860 1.8241 E-02 -1955300 2570.458714 2570.458714
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272.3388 2.2860 1.8241 E-02 -1971400 2337.691588 2337.691588
274.6248 2.2860 1.8241 E-02 -1967900 2460.808016 2460.808016
276.9108 2.2860 1.8241 E-02 -2033100 3671.961329 3671.961329
279.1968 2.2860 1.8241 E-02 -2029600 3649.05385 3649.05385
281.4828 2.2860 1.8241 E-02 -1900000 3476.472062 3476.472062
283.7688 2.2860 1.8241 E-02 -1896500 3511.565178 3511.565178
286.0548 2.2860 1.8241 E-02 -1848100 1961.610433- 1961.610433
288.3408 2.2860 1.8241 E-02 -1844600 1672.831794 1672.831794
290.6268 2.2860 1.8241 E-02 -1813500 1659.502712 1659.502712
292.9128 2.2860 1.8241 E-02 -1810000 1662.70221 1662.70221
295.1988 2.2860 1.8241 E-02 -1796300 1462.6623 1462.6623
297.4848 2.2860 1.8241 E-02 -1792800 1408.297202 1408.297202
299.7708 2.2860 1.8241 E-02 -1771500 1322.779332 1322.779332
302.0568 2.2860 1.8241 E-02 -1768000 1321.313604 1321.313604
304.3428 2.2860 1.6753E-02 -1746700 1239.091281 1239.091281
306.6288 2.2860 1.6753E-02 -1743500 1190.303726 1190.303726
308.9148 2.2860 1.6753E-02 -1733700 1185.223778 1185.223778
311.2008 2.2860 1.6753E-02 -1730500 1182.559183 1182.559183
313.4868 2.2860 1.6753E-02 -1726000 1176.096768 1176.096768
315.7728 2.2860 1.6753E-02 -1722800 1175.906764 1175.906764
318.0588 2.2860 1.6753E-02 -1723800 1173.287532 1173.287532
320.3448 2.2860 1.6753E-02 -1720600 1174.139227 1174.139227
322.6308 2.2860 1.6753E-02 -1727000 1186.107031 1186.107031
324.9168 2.2860 1.6753E-02 -1723800 1194.909493 1194.909493
327.2028 2.2860 1.6753E-02 -1736200 1245.844629 1245.844629
329.4888 2.2860 1.6753E-02 -1733000 1302.239034 1302.239034
331.7748 2.2860 1.6753E-02 -1736800 1482.662956 1482.662956
334.0608 2.2860 1.6753E-02 -1733500 1481.2421 1481.2421
336.3468 2.2860 1.6753E-02 -1755400 1468.346138 1468.346138
338.6328 2.2860 1.6753E-02 -1752100 1711.514315 1711.514315
340.9188 2.2860 1.6753E-02 -1792100 3168.444729 3168.444729
343.2048 2.2860 1.6753E-02 -1788900 3138.971965 3138.971965
345.4908 2.2860 1.6753E-02 -1613100 2958.080459 2958.080459
347.7768 2.2860 1.6753E-02 -1609900 2992.163933 2992.163933
350.0628 2.2860 1.6753E-02 -1551900 1533.063146 1533.063146
352.3488 2.2860 1.6753E-02 -1548700 1302.673058 1302.673058
354.6348 2.2860 1.6753E-02 -1509800 1261.061854 1261.061854
356.9208 2.2860 1.6753E-02 -1506500 1263.464823 1263.464823
359.2068 2.2860 1.6753E-02 -1483500 1130.675922 1130.675922
361.4928 2.2860 1.6753E-02 -1480300 1062.3818 1062.3818
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363.7788 2.2860 1.6753E-02 -1451100 1011.799096 1011.799096
366.0648 2.2860 1.6753E-02 -1447800 987.5123754 987.5123754
368.3508 2.2860 1.3966E-02 -1412700 915.9953057 915.9953057
370.6368 2.2860 1.3966E-02 -1410000 888.5093697 888.5093697
372.9228 2.2860 1.3966E-02 -1392700 888.3615536 888.3615536
375.2088 2.2860 1.3966E-02 -1389900 843.8558408 843.8558408
377.4948 2.2860 1.3966E-02 -1377800 845.0283841 845.0283841
379.7808 2.2860 1.3966E-02 -1375000 872.1011925 872.1011925
382.0668 2.2860 1.3966E-02 -1368600 869.2753074 869.2753074
384.3528 2.2860 1.3966E-02 -1365800 868.068851 868.068851
386.6388 2.2860 1.3966E-02 -1365100 833.460143 833.460143
388.9248 2.2860 1.3966E-02 -1362400 875.4653905 875.4653905
391.2108 2.2860 1.3966E-02 -1367400 925.3994003 925.3994003
393.4968 2.2860 1.3966E-02 -1364700 927.1202727 927.1202727
395.7828 2.2860 1.3966E-02 -1375300 833.9540155 833.9540155
398.0688 2.2860 1.3966E-02 -1372500 912.950612 912.950612
400.3548 2.2860 1.3966E-02 -1388700 1044.239518 1044.239518
402.6408 2.2860 1.3966E-02 -1385900 1045.026167 1045.026167
404.9268 2.2860 1.3966E-02 -1406700 1993.465575 1993.465575
407.2128 2.2860 1.3966E-02 -1404000 1966.398993 1966.398993
409.4988 2.2860 1.3966E-02 -1213100 1847.38227 1847.38227
411.7848 2.2860 1.3966E-02 -1210400 1738.858318 1738.858318
414.0708 2.2860 1.3966E-02 -1155800 959.481796 959.481796
416.3568 2.2860 1.3966E-02 -1153000 851.7025831 851.7025831
418.6428 2.2860 1.3966E-02 -1117300 847.6708441 847.6708441
420.9288 2.2860 1.3966E-02 -1114500 769.1724969 769.1724969
423.2148 2.2860 1.2668E-02 -1088400 767.9034379 767.9034379
425.5008 2.2860 1.2668E-02 -1085900 728.5197664 728.5197664
427.7868 2.2860 1.2668E-02 -1060500 729.6283026 729.6283026
430.0728 2.2860 1.2668E-02 -1058000 702.0793474 702.0793474
432.3588 2.2860 1.2668E-02 -1038500 701.1432735 701.1432735
434.6448 2.2860 1.2668E-02 -1036000 699.1581867 699.1581867
436.9308 2.2860 1.2668E-02 -1022200 699.5038956 699.5038956
439.2168 2.2860 1.2668E-02 -1019700 684.8326 684.8326
441.5028 2.2860 1.2668E-02 -1011800 684.5302185 684.5302185
443.7888 2.2860 1.2668E-02 -1009300 686.9230233 686.9230233
446.0748 2.2860 1.2668E-02 -1007300 687.0639126 687.0639126
448.3608 2.2860 1.2668E-02 -1004800 679.880438 679.880438
450.6468 2.2860 1.2668E-02 -1008600 680.3249224 680.3249224
452.9328 2.2860 1.2668E-02 -1006100 690.513577 690.513577
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455.2188 2.2860 1.2668E-02 -1015800 690.3726675 690.3726675
457.5048 2.2860 1.2668E-02 -1013300 687.8863278 687.8863278
459.7908 2.2860 1.2668E-02 -1028600 689.0349846 689.0349846
462.0768 2.2860 1.2668E-02 -1026100 721.5443992 721.5443992
464.3628 2.2860 1.2668E-02 -1047500 719.7580496 719.7580496
466.6488 2.2860 1.2668E-02 -1045000 874.9580847 874.9580847
468.9348 2.2860 1.2668E-02 -1059400 1637.392085 1637.392085
471.2208 2.2860 1.2668E-02 -1056900 1855.621998 1855.621998
473.5068 2.2860 1.2668E-02 -816140 1854.777032 1854.777032
475.7928 2.2860 1.2668E-02 -813620 1554.596809 1554.596809
478.0788 2.2860 1.2668E-02 -766260 778.3683254 778.3683254
480.3648 2.2860 1.2668E-02 -763740 628.4856482 628.4856482
482.6508 2.2860 1.2668E-02 -729920 630.1108474 630.1108474
484.9368 2.2860 1.2668E-02 -727400 644.3402983 644.3402983
487.2228 2.2860 1.1433E-02 -701830 642.9588245 642.9588245
489.5088 2.2860 1.1433E-02 -699530 617.1358359 617.1358359
491.7948 2.2860 1.1433E-02 -676100 616.1885182 616.1885182
494.0808 2.2860 1.1433E-02 -673790 607.0563153 607.0563153
496.3668 2.2860 1.1433E-02 -655990 606.9886078 606.9886078
498.6528 2.2860 1.1433E-02 -653690 598.0747194 598.0747194
500.9388 2.2860 1.1433E-02 -641460 597.5749158 597.5749158
503.2248 2.2860 1.1433E-02 -639150 585.1048197 585.1048197
505.5108 2.2860 1.1433E-02 -632530 585.5855958 585.5855958
507.7968 2.2860 1.1433E-02 -630230 596.3843727 596.3843727
510.0828 2.2860 1.1433E-02 -629230 595.5170191 595.5170191
512.3688 2.2860 1.1433E-02 -626920 576.0123002 576.0123002
514.6548 2.2860 1.1433E-02 -631530 569.2765321 569.2765321
516.9408 2.2860 1.1433E-02 -629230 628.2706582 628.2706582
519.2268 2.2860 1.1433E-02 -638880 625.2247276 625.2247276
521.5128 2.2860 1.1433E-02 -636570 620.094267 622.1408281
523.7988 2.2860 1.1433E-02 -665080 881.8495166 881.8495166
526.0848 2.2860 1.1433E-02 -662770 1124.150457 1124.150457
528.3708 2.2860 1.1433E-02 -395780 1121.938842 1121.938842
530.6568 2.2860 1.1433E-02 -393480 831.2083975 831.2083975
532.9428 2.2860 1.1433E-02 -352740 475.2340055 485.1261485
535.2288 2.2860 1.1433E-02 -350440 565.8277123 565.8277123
537.5148 2.2860 1.1433E-02 -329530 566.7005735 566.7005735
539.8008 2.2860 1.1433E-02 -327220 512.8203292 512.8203292
542.0868 2.2860 1.1433E-02 -310910 512.1114039 512.1114039
544.3728 2.2860 1.1433E-02 -308600 520.1770948 520.1770948
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546.6588 2.2860 1.1433E-02 -297500 520.0109614 520.0109614
548.9448 2.2860 1.1433E-02 -295190 491.096406 491.096406
551.2308 2.2860 1.1433E-02 -289290 491.604821 491.604821
553.5168 2.2860 1.1433E-02 -286990 547.841008 547.841008
555.8028 2.2860 1.1433E-02 -286220 558.3484575 558.3484575
558.0888 2.2860 1.1433E-02 -283910 559.9325406 561.6991811
560.3748 2.2860 1.1433E-02 -287680 480.3879499 480.3879499
562.6608 2.2860 1.1433E-02 -290290 88.90138775 271.6169233
564.9468 2.2860 1.1433E-02 -291700 91.53541664 193.9002904
567.2328 2.2860 1.1433E-02 -294960 76.49252986 202.2087769
569.5188 2.2860 1.1433E-02 -299440 76.67660635 196.3213982
571.8048 2.2860 1.1433E-02 -304670 150.9672816 163.2743997
574.0908 2.2860 1.1433E-02 -313600 166.2503522 243.13651
576.3768 2.2860 1.1433E-02 -312670 582.6653328 582.6653328
578.6628 2.2860 1.1433E-02 -361630 575.1080681 575.1080681
580.9488 2.2860 1.1433E-02 -42282 564.1732092 564.1732092
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4.8768 2.2860 2.8502E-02 -3004500 36682.6813 36682.6813
7.1628 2.2860 2.8502E-02 -2549900 15070.3232 15070.3232
9.4488 2.2860 2.8502E-02 -2544500 7688.3096 7688.3096
11.7348 2.2860 2.8502E-02 -2557100 8521.2170 8521.2170
14.0208 2.2860 2.8502E-02 -2551700 8537.5737 8537.5737
16.3068 2.2860 2.8502E-02 -2529200 8549.4769 8549.4769
18.5928 2.2860 2.8502E-02 -2523800 7933.5105 7933.5105
20.8788 2.2860 2.8502E-02 -2659200 6740.4692 6740.4692
23.1648 2.2860 2.8502E-02 -2653900 5135.3669 5135.3669
25.4508 2.2860 2.8502E-02 -2623500 3684.9077 3684.9077
27.7368 2.2860 2.6634E-02 -2618200 2901.0788 2901.0788
30.0228 2.2860 2.6634E-02 -2601300 2902.4300 2902.4300
32.3088 2.2860 2.6634E-02 -2596300 2935.4908 2935.4908
34.5948 2.2860 2.6634E-02 -2588400 2935.9647 2935.9647
36.8808 2.2860 2.6634E-02 -2583400 2909.2405 2909.2405
39.1668 2.2860 2.6634E-02 -2582400 2909.6615 2909.6615
41.4528 2.2860 2.6634E-02 -2577400 2910.2167 2910.2167
43.7388 2.2860 2.6634E-02 -2583400 2909.7508 2909.7508
46.0248 2.2860 2.6634E-02 -2578400 2882.7391 2882.7391
48.3108 2.2860 2.6634E-02 -2591200 2883.1861 2883.1861
50.5968 2.2860 2.6634E-02 -2586200 2949.2197 2949.2197
52.8828 2.2860 2.6634E-02 -2606200 2942.8829 2942.8829
55.1688 2.2860 2.6634E-02 -2601200 3098.1486 3098.1486
57.4548 2.2860 2.6634E-02 -2613600 3233.2529 3233.2529
59.7408 2.2860 2.6634E-02 -2608600 3517.2000 3517.2000
62.0268 2.2860 2.6634E-02 -2641400 3651.5954 3651.5954
64.3128 2.2860 2.6634E-02 -2636400 4412.3067 4412.3067
66.5988 2.2860 2.6634E-02 -2657600 7039.2165 7039.2165
68.8848 2.2860 2.6634E-02 -2652700 7058.7181 7058.7181
71.1708 2.2860 2.6634E-02 -2612300 7061.8386 7061.8386
73.4568 2.2860 2.4829E-02 -2607300 6823.9523 6823.9523
75.7428 2.2860 2.4829E-02 -2554400 4742.6237 4742.6237
78.0288 2.2860 2.4829E-02 -2549800 4163.9952 4163.9952
80.3148 2.2860 2.4829E-02 -2517000 4167.9791 4167.9791
82.6008 2.2860 2.4829E-02 -2512300 3942.6352 3942.6352
84.8868 2.2860 2.4829E-02 -2528700 3353.3620 3353.3620
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87.1728 2.2860 2.4829E-02 -2524100 2967.8142 2967.8142
89.4588 2.2860 2.4829E-02 -2502600 2687.5493 2687.5493
91.7448 2.2860 2.4829E-02 -2497900 2540.9851 2540.9851
94.0308 2.2860 2.4829E-02 -2484200 2541.4342 2541.4342
96.3168 2.2860 2.4829E-02 -2479600 2542.4726 2542.4726
98.6028 2.2860 2.4829E-02 -2472100 2543.7045 2543.7045
100.8888 2.2860 2.4829E-02 -2467400 2523.6940 2523.6940
103.1748 2.2860 2.4829E-02 -2466300 2523.6940 2523.6940
105.4608 2.2860 2.4829E-02 -2461600 2528.1540 2528.1540
107.7468 2.2860 2.4829E-02 -2466700 2527.5011 2527.5011
110.0328 2.2860 2.4829E-02 -2462000 2499.2401 2499.2401
112.3188 2.2860 2.4829E-02 -2473200 2499.1158 2499.1158
114.6048 2.2860 2.4829E-02 -2468600 2650.6792 2650.6792
116.8908 2.2860 2.4829E-02 -2487300 2975.5445 2975.5445
119.1768 2.2860 2.4829E-02 -2482600 3217.5626 3217.5626
121.4628 2.2860 2.4829E-02 -2464000 3857.2406 3857.2406
123.7488 2.2860 2.4829E-02 -2459300 4082.9700 4082.9700
126.0348 2.2860 2.4829E-02 -2489100 4116.2887 4116.2887
128.3208 2.2860 2.4829E-02 -2484400 4119.0960 4119.0960
130.6068 2.2860 2.4829E-02 -2516600 4332.9432 4332.9432
132.8928 2.2860 2.4829E-02 -2511900 4334.8084 4334.8084
135.1788 2.2860 2.4829E-02 -2548300 4184.3463 4184.3463
137.4648 2.2860 2.4829E-02 -2543700 4634.2474 4634.2474
139.7508 2.2860 2.4829E-02 -2599100 6899.8054 6899.8054
142.0368 2.2860 2.4829E-02 -2594400 6865.0072 6865.0072
144.3228 2.2860 2.4829E-02 -2511400 6775.5626 6775.5626
146.6088 2.2860 2.4829E-02 -2506700 6815.0883 6815.0883
148.8948 2.2860 2.4829E-02 -2446400 4421.5676 4421.5676
151.1808 2.2860 2.4829E-02 -2441700 4034.1102 4034.1102
153.4668 2.2860 2.4829E-02 -2400800 4137.8470 4137.8470
155.7528 2.2860 2.4829E-02 -2396100 4137.3065 4137.3065
158.0388 2.2860 2.4829E-02 -2359100 3919.2788 3919.2788
160.3248 2.2860 2.4829E-02 -2354400 3921.6328 3921.6328
162.6108 2.2860 2.4829E-02 -2320400 3763.6271 3763.6271
164.8968 2.2860 2.4829E-02 -2315700 3605.8866 3605.8866
167.1828 2.2860 2.1408E-02 -2315900 2716.7984 2716.7984
169.4688 2.2860 2.1408E-02 -2311900 2424.9018 2424.9018
171.7548 2.2860 2.1408E-02 -2289000 2084.0895 2084.0895
174.0408 2.2860 2.1408E-02 -2285000 1990.9119 1990.9119
176.3268 2.2860 2.1408E-02 -2268700 1982.6526 1982.6526
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178.6128 2.2860 2.1408E-02 -2264600 1982.2240 1982.2240
180.8988 2.2860 2.1408E-02 -2253900 1962.4677 1962.4677
183.1848 2.2860 2.1408E-02 -2249800 1953.8285 1953.8285
185.4708 2.2860 2.1408E-02 -2244700 1946.5277 1946.5277
187.7568 2.2860 2.1408E-02 -2240700 1971.3906 1971.3906
190.0428 2.2860 2.1408E-02 -2241800 2067.2071 2067.2071
192.3288 2.2860 2.1408E-02 -2237700 2132.3530 2132.3530
194.6148 2.2860 2.1408E-02 -2230100 2278.3948 2278.3948
196.9008 2.2860 2.1408E-02 -2226000 2379.3171 2379.3171
199.1868 2.2860 2.1408E-02 -2239300 2625.9516 2625.9516
201.4728 2.2860 2.1408E-02 -2235200 2754.9884 2754.9884
203.7588 2.2860 2.1408E-02 -2223200 3160.6661 3160.6661
206.0448 2.2860 2.1408E-02 -2219100 3151.2601 3151.2601
208.3308 2.2860 2.1408E-02 -2241300 3226.5258 3226.5258
210.6168 2.2860 2.1408E-02 -2237200 3468.6967 3468.6967
212.9028 2.2860 2.1408E-02 -2274100 4794.2254 4794.2254
215.1888 2.2860 2.1408E-02 -2270100 4769.2687 4769.2687
217.4748 2.2860 2.1408E-02 -2164100 4588.3990 4588.3990
219.7608 2.2860 2.1408E-02 -2160100 4629.1832 4629.1832
222.0468 2.2860 2.1408E-02 -2136200 2837.8110 2837.8110
224.3328 2.2860 2.1408E-02 -2132200 2524.9778 2524.9778
226.6188 2.2860 2.1408E-02 -2099400 2482.0204 2482.0204
228.9048 2.2860 2.1408E-02 -2095300 2478.4039 2478.4039
231.1908 2.2860 1.8241 E-02 -2022800 2372.2160 2372.2160
233.4768 2.2860 1.8241 E-02 -2019300 2417.4008 2417.4008
235.7628 2.2860 1.8241 E-02 -1998700 2543.9945 2543.9945
238.0488 2.2860 1.8241 E-02 -1995200 2542.9245 2542.9245
240.3348 2.2860 1.8241 E-02 -1976900 2463.8890 2463.8890
242.6208 2.2860 1.8241 E-02 -1973400 2465.2495 2465.2495
244.9068 2.2860 1.8241 E-02 -1960500 2457.3828 2457.3828
247.1928 2.2860 1.8241 E-02 -1957000 2457.0521 2457.0521
249.4788 2.2860 1.8241 E-02 -1949500 2438.5741 2438.5741
251.7648 2.2860 1.8241 E-02 -1946000 2438.8670 2438.8670
254.0508 2.2860 1.8241 E-02 -1943800 2420.8304 2420.8304
256.3368 2.2860 1.8241 E-02 -1940300 2420.5174 2420.5174
258.6228 2.2860 1.8241 E-02 -1943500 2454.2475 2454.2475
260.9088 2.2860 1.8241 E-02 -1940000 2455.0560 2455.0560
263.1948 2.2860 1.8241 E-02 -1948500 2405.1882 2405.1882
265.4808 2.2860 1.8241 E-02 -1945000 2406.6003 2406.6003
267.7668 2.2860 1.8241 E-02 -1958800 2567.4355 2567.4355
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270.0528 2.2860 1.8241 E-02 -1955300 2570.4587 2570.4587
272.3388 2.2860 1.8241 E-02 -1971400 2337.6916 2337.6916
274.6248 2.2860 1.8241 E-02 -1967900 2460.8080 2460.8080
276.9108 2.2860 1.8241 E-02 -2033100 3671.9613 3671.9613
279.1968 2.2860 1.8241 E-02 -2029600 3649.0538 3649.0538
281.4828 2.2860 1.8241 E-02 -1900000 3476.4721 3476.4721
283.7688 2.2860 1.8241 E-02 -1896500 3511.5652 3511.5652
286.0548 2.2860 1.8241 E-02 -1848100 1961.6104 1961.6104
288.3408 2.2860 1.8241 E-02 -1844600 1672.8318 1672.8318
290.6268 2.2860 1.8241 E-02 -1813500 1659.5027 1659.5027
292.9128 2.2860 1.8241 E-02 -1810000 1662.7022 1662.7022
295.1988 2.2860 1.8241 E-02 -1796300 1462.6623 1462.6623
297.4848 2.2860 1.8241 E-02 -1792800 1408.2972 1408.2972
299.7708 2.2860 1.8241 E-02 -1771500 1322.7793 1322.7793
302.0568 2.2860 1.8241 E-02 -1768000 1321.3136 1321.3136
304.3428 2.2860 1.6753E-02 -1746700 1239.0913 1239.0913
306.6288 2.2860 1.6753E-02 -1743500 1190.3037 1190.3037
308.9148 2.2860 1.6753E-02 -1733700 1185.2238 1185.2238
311.2008 2.2860 1.6753E-02 -1730500 1182.5592 1182.5592
313.4868 2.2860 1.6753E-02 -1726000 1176.0968 1176.0968
315.7728 2.2860 1.6753E-02 -1722800 1175.9068 1175.9068
318.0588 2.2860 1.6753E-02 -1723800 1173.2875 1173.2875
320.3448 2.2860 1.6753E-02 -1720600 1174.1392 1174.1392
322.6308 2.2860 1.6753E-02 -1727000 1186.1070 1186.1070
324.9168 2.2860 1.6753E-02 -1723800 1194.9095 1194.9095
327.2028 2.2860 1.6753E-02 -1736200 1245.8446 1245.8446
329.4888 2.2860 1.6753E-02 -1733000 1302.2390 1302.2390
331.7748 2.2860 1.6753E-02 -1736800 1482.6630 1482.6630
334.0608 2.2860 1.6753E-02 -1733500 1481.2421 1481.2421
336.3468 2.2860 1.6753E-02 -1755400 1468.3461 1468.3461
338.6328 2.2860 1.6753E-02 -1752100 1711.5143 1711.5143
340.9188 2.2860 1.6753E-02 -1792100 3168.4447 3168.4447
343.2048 2.2860 1.6753E-02 -1788900 3138.9720 3138.9720
345.4908 2.2860 1.6753E-02 -1613100 2958.0805 2958.0805
347.7768 2.2860 1.6753E-02 -1609900 2992.1639 2992.1639
350.0628 2.2860 1.6753E-02 -1551900 1533.0631 1533.0631
352.3488 2.2860 1.6753E-02 -1548700 1302.6731 1302.6731
354.6348 2.2860 1.6753E-02 -1509800 1261.0619 1261.0619
356.9208 2.2860 1.6753E-02 -1506500 1263.4648 1263.4648
359.2068 2.2860 1.6753E-02 -1483500 1130.6759 1130.6759
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361.4928 2.2860 1.6753E-02 -1480300 1062.3818 1062.3818
363.7788 2.2860 1.6753E-02 -1451100 1011.7991 1011.7991
366.0648 2.2860 1.6753E-02 -1447800 987.5124 987.5124
368.3508 2.2860 1.3966E-02 -1412700 915.9953 915.9953
370.6368 2.2860 1.3966E-02 -1410000 888.5094 888.5094
372.9228 2.2860 1.3966E-02 -1392700 888.3616 888.3616
375.2088 2.2860 1.3966E-02 -1389900 843.8558 843.8558
377.4948 2.2860 1.3966E-02 -1377800 845.0284 845.0284
379.7808 2.2860 1.3966E-02 -1375000 872.1012 872.1012
382.0668 2.2860 1.3966E-02 -1368600 869.2753 869.2753
384.3528 2.2860 1.3966E-02 -1365800 868.0689 868.0689
386.6388 2.2860 1.3966E-02 -1365100 833.4601 833.4601
388.9248 2.2860 1.3966E-02 -1362400 875.4654 875.4654
391.2108 2.2860 1.3966E-02 -1367400 925.3994 925.3994
393.4968 2.2860 1.3966E-02 -1364700 927.1203 927.1203
395.7828 2.2860 1.3966E-02 -1375300 833.9540 833.9540
398.0688 2.2860 1.3966E-02 -1372500 912.9506 912.9506
400.3548 2.2860 1.3966E-02 -1388700 1044.2395 1044.2395
402.6408 2.2860 1.3966E-02 -1385900 1045.0262 1045.0262
404.9268 2.2860 1.3966E-02 -1406700 1993.4656 1993.4656
407.2128 2.2860 1.3966E-02 -1404000 1966.3990 1966.3990
409.4988 2.2860 1.3966E-02 -1213100 1847.3823 1847.3823
411.7848 2.2860 1.3966E-02 -1210400 1738.8583 1738.8583
414.0708 2.2860 1.3966E-02 -1155800 959.4818 959.4818
416.3568 2.2860 1.3966E-02 -1153000 851.7026 851.7026
418.6428 2.2860 1.3966E-02 -1117300 847.6708 847.6708
420.9288 2.2860 1.3966E-02 -1114500 769.1725 769.1725
423.2148 2.2860 1.2668E-02 -1088400 767.9034 767.9034
425.5008 2.2860 1.2668E-02 -1085900 728.5198 728.5198
427.7868 2.2860 1.2668E-02 -1060500 729.6283 729.6283
430.0728 2.2860 1.2668E-02 -1058000 702.0793 702.0793
432.3588 2.2860 1.2668E-02 -1038500 701.1433 701.1433
434.6448 2.2860 1.2668E-02 -1036000 699.1582 699.1582
436.9308 2.2860 1.2668E-02 -1022200 699.5039 699.5039
439.2168 2.2860 1.2668E-02 -1019700 684.8326 684.8326
441.5028 2.2860 1.2668E-02 -1011800 684.5302 684.5302
443.7888 2.2860 1.2668E-02 -1009300 686.9230 686.9230
446.0748 2.2860 1.2668E-02 -1007300 687.0639 687.0639
448.3608 2.2860 1.2668E-02 -1004800 679.8804 679.8804
450.6468 2.2860 1.2668E-02 -1008600 680.3249 680.3249
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452.9328 2.2860 1.2668E-02 -1006100 690.5136 690.5136
455.2188 2.2860 1.2668E-02 -1015800 690.3727 690.3727
457.5048 2.2860 1.2668E-02 -1013300 687.8863 687.8863
459.7908 2.2860 1.2668E-02 -1028600 689.0350 689.0350
462.0768 2.2860 1.2668E-02 -1026100 721.5444 721.5444
464.3628 2.2860 1.2668E-02 -1047500 719.7580 719.7580
466.6488 2.2860 1.2668E-02 -1045000 874.9581 874.9581
468.9348 2.2860 1.2668E-02 -1059400 1637.3921 1637.3921
471.2208 2.2860 1.2668E-02 -1056900 1855.6220 1855.6220
473.5068 2.2860 1.2668E-02 -816140 1854.7770 1854.7770
475.7928 2.2860 1.2668E-02 -813620 1554.5968 1554.5968
478.0788 2.2860 1.2668E-02 -766260 778.3683 778.3683
480.3648 2.2860 1.2668E-02 -763740 628.4856 628.4856
482.6508 2.2860 1.2668E-02 -729920 630.1108 630.1108
484.9368 2.2860 1.2668E-02 -727400 644.3403 644.3403
487.2228 2.2860 1.1433E-02 -701830 642.9588 642.9588
489.5088 2.2860 1.1433E-02 -699530 617.1358 617.1358
491.7948 2.2860 1.1433E-02 -676100 616.1885 616.1885
494.0808 2.2860 1.1433E-02 -673790 607.0563 607.0563
496.3668 2.2860 1.1433E-02 -655990 606.9886 606.9886
498.6528 2.2860 1.1433E-02 -653690 598.0747 598.0747
500.9388 2.2860 1.1433E-02 -641460 597.5749 597.5749
503.2248 2.2860 1.1433E-02 -639150 585.1048 585.1048
505.5108 2.2860 1.1433E-02 -632530 585.5856 585.5856
507.7968 2.2860 1.1433E-02 -630230 596.3844 596.3844
510.0828 2.2860 1.1433E-02 -629230 595.5170 595.5170
512.3688 2.2860 1.1433E-02 -626920 576.0123 576.0123
514.6548 2.2860 1.1433E-02 -631530 569.2765 569.2765
516.9408 2.2860 1.1433E-02 -629230 628.2707 628.2707
519.2268 2.2860 1.1433E-02 -638880 625.2247 625.2247
521.5128 2.2860 1.1433E-02 -636570 620.0943 622.1408
523.7988 2.2860 1.1433E-02 -665080 881.8495 881.8495
526.0848 2.2860 1.1433E-02 -662770 1124.1505 1124.1505
528.3708 2.2860 1.1433E-02 -395780 1121.9388 1121.9388
530.6568 2.2860 1.1433E-02 -393480 831.2084 831.2084
532.9428 2.2860 1.1433E-02 -352740 475.2340 485.1261
535.2288 2.2860 1.1433E-02 -350440 565.8277 565.8277
537.5148 2.2860 1.1433E-02 -329530 566.7006 566.7006
539.8008 2.2860 1.1433E-02 -327220 512.8203 512.820
542.0868 2.2860 1.1433E-02 -310910 512.1114 512.111
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544.3728 2.2860 1.1433E-02 -308600 520.1771 520.1771
546.6588 2.2860 1.1433E-02 -297500 520.0110 520.0110
548.9448 2.2860 1.1433E-02 -295190 491.0964 491.0964
551.2308 2.2860 1.1433E-02 -289290 491.6048 491.6048
553.5168 2.2860 1.1433E-02 -286990 547.8410 547.8410
555.8028 2.2860 1.1433E-02 -286220 558.3485 558.3485
558.0888 2.2860 1.1433E-02 -283910 559.9325 561.6992
560.3748 2.2860 1.1433E-02 -287680 480.3879 480.3879
562.6608 2.2860 1.1433E-02 -290290 88.9014 271.6169
564.9468 2.2860 1.1433E-02 -291700 91.5354 193.9003
567.2328 2.2860 1.1433E-02 -294960 76.4925 202.2088
569.5188 2.2860 1.1433E-02 -299440 76.6766 196.3214
571.8048 2.2860 1.1433E-02 -304670 150.9673 163.2744
574.0908 2.2860 1.1433E-02 -313600 166.2504 243.1365
576.3768 2.2860 1.1433E-02 -312670 582.6653 582.6653
578.6628 2.2860 1.1433E-02 -361630 575.1081 575.1081
580.9488 2.2860 1.1433E-02 -42282 564.1732 564.1732
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76.8 m 0.762 0.0508 0.0667 0.02286
212 m 0.8709 0.06985 0.0802 0.05410
583 m 2.286 0.1905 0.0833 0.08164
+ maximum ratio for towers
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Table 3.9  Percentage Increase in Maximum Span Moment using B32 and 
B33 Elements instead of B31 Element
Exceeding Bending IVloment (%)
Leg # B32 B33
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Figures
Figure 1.1 An Exam ple o f S elf-S upporting  To w er
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Figure 1.2 An Exam ple o f Guyed M ast 
Under U nid irectional W ind Load
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Figure 1.3 G u y  S t r a n d  a n d  B r id g e  S t r a n d
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Figure 1.4 N on-S w ay Beam -Colum ns
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Figure 1.5 Sw ay Beam -Colum ns
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Figure 3.1 Degrees of Freedom in Planar Beam
118
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Table 3.2 Degrees of Freedom for a Beam in Space
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Figure 3.3 Two-Dimensional Coordinate Transformation in Planar Beam
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X
Figure 3.4 Constant Strain Triangle (CST) Element
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(Number of nodes = total 
number of terms)
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F ig u re  3.5 Relation Between Triangular Element & Polynomial
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t
r
Figure 3.8 Tetrahedral Element
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Figure 3.9 Sample Guyed Tower for P-A Analysis
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Figure 3.10 Comparison of Moments for Different Beam Elements
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Appendix: A -l 
Detailed Drawings of 76.8 m (252 ft) Guyed Tower
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Appendix: A-2
Detailed Drawings of 212 m (697 ft) Guyed Tower
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TYPE ELEVATION TYPE | ELEVATION |
A-2/3 Lighting Kit /Spur <1* Conduit 697 (12)6*x 1 'PCS Panels* 1 sa Coax 335
SHPX-10AC* 31/8* Rigid 692.38 • 609.28 10' Grid* 1 S'S' Coax .300
Mid Beacon Level 360 (3) Standard 2Ways w/ Mounts • ? S' Coax i 200 1
(12) 6* x 1' PCS Panels • 1 5/8* Coax 350
SYMBOL LIST
MARK S IZ E M A R K S IZ E  |
A SR 7/8 0 5 9  1.663 1
B SR 1 1/8 E 5 © 1.96667
C SR 1 1/2
MATERIAL STRENGTH
GRADE Fy Fu GRADE Fy 1 Fu !
A572-S0 50 ksi 65 ksi A36 36 ks. 53 ks.
TOW ER DESIGN NOTES
1. Tower designed for a 95 mph basic wind in accordance with the TIA/EIA-222-F Standard.
2. (Equivalent to 115 mph 3-second oust wind speed per Table 1609.3.1 of the 2000 International Building Code)
3. Weld together tower sections have flanqe connections.
4. Connections use qaivanized A325 bolts, nuts and locking
5. devices. Installation per TIA/EIA-222-F and AISC Specifications.
6. Tower members are "hot dipped" galvanized in accordance
7. with ASTM A123 and ASTM A153 Standards.
8. Welds are fabricated with ER-70S-6 electrodes.
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Appendix: A-3
Detailed Drawings of 583 m (1014 ft) Guyed Tower
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Rs650.000 It (6.3)
R*650.000 ft (-16.5)
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TYPE ELEVATION TYPE | ELEVATION 1
Beacon/Spur • 2* conduit 1897 Rest Platform not
SHPX-16AC-HW-SP-DA w/Radomes on polo 1992.27- 1921.24 Rest Platform 95i i
with mounts- 5*Coa> Mid Beacon Level ! 951 I
INDEX PLATE 1911.77 Rest Platform 771 1
Mid Bsacon Level 1911.77 Mid Beacon Level 621 —i
Single Car Elevator 1911.77 Rest Platform .621
6' Transition Platform 1880.25- 1676.5 Ice Shield - 12* HP Dish : 6 io i
SHPX-8AC * 4* Coax 1841 - 1771 10* Grid (3* Line) 600 — i
Rest Platform 1746 Ice Shield - 10* HP Dish ' 5d0 1
TV • 6 1/8* Riaid 1700-1640 10* Solid Dtsh (HP w/Shtoud) • t 5  8 ‘ Coa* .550 i
TV ♦ 6 1/8* Rigid 1625- 1565 Rest Platform .471 !
Mid Beacon Level 1566 (9) 6* x V PCS Panels • 1 58  Co.u ‘ 400
Rest Platform 1566 Rest Platform ‘ 321 ;
Rest Platform 1401 Mid Beacon Level 321 ;
Rest Platform 1251 (9) 6* x 1' PCS Panels -1 5 S  C.ux ’ 300 — 1
Mid Beacon Level 1251
SYMBOL LIST
MARK SIZE MARK SIZE j
A SR2 M 2C10x20*0 75
B S R 2 1/4 N 2L5x5x3/8i3 4
C SR3 0 2 C t0xt5  3»05
D SR3S/4 P 2L3x3*3/8i1>2
E SR4 Q 1 0  8.27
F SR 1 1/8 R 1 O 8.33
G SR 1 1/4 S 2 0  4.165
H 2L3 1/2x3 1/2x3/8x1/2 T 2 0 4 .1 7
S R I 1/2 U 2 O 8.33
J 2L4x4x3/8x1/2 V 1 0  8.25667
K 2L3x3x1/4xl/2 \  \ w 4 O 3.70833















































-L N -A .\ A ----- ________ I
MATERIAL STRENGTH
GRADE Fy Fu GRADE I Fy I Fu |
A572-50 50 ksi 65 ksi A36 . I 36 ksi 66 ksi 1
MT2W65-58 58 ksi 65 ksi MT2W65-55 I 55 ksi ' 65 ksi
\  \ \ cTOWER DESIGN NOTES
1. Tower designed for a 80 mph basic wind in accordance with the TIA/EIA-222-F Standard.
2. Tower is also designed for a 70 mph basic wind with 0.50 in ice.
3. (Equivalent to 100mph 3-second gust wind speed per Table 1609.3.1 ot the 2000 IBC)
4. Weld together tower sections have flange connections.
^5. Connections use galvanized A325 bolts, nuts and lockinq
6. devices. Installation per EIA-222-F and AISC Specifications.
7. Tower members are "hot dipped" qalvanized in accordance
8. with ASTM A123 and ASTM A153 Standards.
9. Welds are fabricated with ER-70S-6 electrodes.'
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Appendix B
The content of the enclosed CD-ROM can be summarized as:
Folder Name Guyed Tower File Name
ABAQUS Input Files 76.8 m (252 ft) High 77.doc
212 m (697 ft) High 212.doc
583 m (1914 ft) High 583.doc




ABAQUS Output Files 76.8 m (252 ft) High 77.rtf
212 m (697 ft) High 212.rtf
583 m (1914 ft) High 583.rtf




Analysis Spreadsheets 76.8 m (252 ft) High 77.xls
212 m (697 ft) High 212.xls
583 m (1914 ft) High 583.xls
10 m (30.5 ft) Sample Guyed
Tower
Sample.xls
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